Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


Hosted  by 


Google 


Hosted  by 


Google 


mAdler'S  telescopic  view  of   the  moon. 


Hosted  by 


Google 


Hosted  by 


Google 


I  losted  by 


Google 


Hosted  by 


Google 


PUBLISHERS'    ADVERTISEMENT. 


The  publishers  announce  that  Dr.  Lakdneb,  having  brought  t 

>  close  his  public  lectures  in  this  country,  they  have  availed  themselves  J 
5  of  the  opportunity  thus  presented  to  induce  him  to  prepare  for  publica- 

I  tiou   the  .present  complete  and  authentic  ediiioB   of  these  discourses. 
S  The  general  interest  which  they  excited  in  every  part  of  this  countty  is  i 
j  universally  felt  and  acknowledged.     Probably  no  public  lecturer  ever  i 
I  condnued  for  the  same  lenglh  of  time  to  collect  around  him  so  nu- 
I  merous  audiences.     Nor  has  there  been  any  exception  to  this  favorable  S 
j  impression.     Visit  after  visit  has  been  made  to  all  the  chief  cities  ;  and,  j 
I  on  every  succeeding  occasion,  audiences  amounting  to  thousands  have  J 
I  assembled  to  hear  again  and  again  these  lessons  of  useful  knowledge, 
;  The  same  simphcity  of  language,  perspicuity  of  reasoning,  and  felicity  j 
1  of  illustration,  which  rendered  (he  oral   discourses  so  universa 
'  ceptable,  are  preserved  in  these  miscellanies,  which  are,  as  nearly  as  j 
5  possible,  identical  with  the  lectures  as  they  were  delivered. 

The  publishers  feel  that  in  these  volumes  they  present  to  the  Ameri- 

>  can  pubHc  a  most  agreeable  offering,  and  an  interesting  and  useful  j 
t  miscellany  of  general  information,  which  will  also  afford  that  large  class  J 
I  of  persons,  who  have  attended  the  lectures,  an  agreeable  means  of  ) 
'  reviving  the  impressions  from  which  they  have  already  derived  so  much  ! 
[  profit  and  pleasure. 

New  Yohk,  Jane,  1846. 


GREELEY  &  MoELRATH. 
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AboTB  nil  things,  man  Is  distJnguiBhet!  by  his  pntsuit  and  invcslj 
(  from  needful  business  and  cares,  we  dsllghl  to  see,  to  hear,  and  t 
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^ar,  that 


a  men.    Closely  allied  with  this  earnest  longing  to  see  mid  iinow  the  truth,  is  a  kind  of 
princely  sentiment  which  forbids  a  mind,  naturally  weU  constituted,  to  submit  iia  faoultie 
those  who  announce  its  precept  and  doctrine,  or  to  yield  obedience  to  any  orders  but  such 
1  jnst,  lawful,  and  founded  on  utility     From  this  source  spring  giealneas  of  mind  and  contempt  of  ) 
S  worldly  advantage!  and  ttoublea 
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PREFACE. 


In  presenting  to  the  American  public  the  collection  of  sci- 
!  entific  miscellanies  which  forms  the  contents  of  these  volumes, 
I  it  may  be  proper  to  explain  the  circumstances  which  gave 
I  occasion  to  them  in  their  original  form  of  oral  discourses,  the 
!  character  of  the  audiences  to  which  they  were  addressed,  and 
5  of  the  readers  to  whose  information  and  amusement  it  is  hoped 
'.  they  may  contribute  in  their  present  more  permanent  state. 

Engaged  for  a  large  portion  of  my  life  in  the  practical  ap- 
i  plication  of  the  physical  sciences  to  the  uses  of  life,  and  more 
I  especially  to  those  scientific  industries  which  derive  their  effi- 
(  "cacy  from  the  agency  of  steam,  I  had  always  looked  forward 
'  with  the  liveliest  interest  to  a  time  when  I  might  be  enabled 
I  to  visit  a  country  which  had  taken  so  prominent  a  part  in  the 
I  advancement  of  these  arts,  and  which  had  formed  from  an 
!  early  period  so  grand  a  theatre  for  their  development,  as  the 
I  United  States.  To  the  claims  which  that  country  presented 
f  to  the  attention  of  every  intelligent  and  inquiring  tourist,  ari- 
sing from  its  important  commercial  relations  with  the  old 
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world,  'from  its  peculiar  political  institutions,  and  from  the 
grandeur  of  its  territorial  extent  and  physical  resources,  I  was 
as  sensible  as  other  travellers.  But  in  addition  to  these,  the 
enterprising  character  of  its  population,  and  the  inventive  spirit 
which  so  universally  prevailed  ^here  in  the  mechanical  and 
physical  arts,  rendered  the  country  which  had  heen  the  cradle 
of  steam  navigation  more  than  commonly  attractive  to  me. 
Had  I,  like  most  tourists,  been  contented  to  have  made  a  short 
visit  to  America,  flying  through  the  states  as  fast  as  steam- 
boats and  railways  could  transport  me,  without  remaining  in 
any  one  place  a  sufficient  time  to  see  more  than  the  external 
forms  of  things,  and  scarcely  even  that,  I  might  easily  have 
accomplished  my  purpose.  But  these  travellers  were  beacons 
to  warn,  rather  than  examples  to  be  followed.  I  knew  that  it 
were  worse  than  useless  to  cross  the  Atlantic,  until  I  could  do 
so  with  the  power  of  remaining  in  America  for  such  a  time  as 
might  enable  me  to  acquire  a  knowledge  of  its  population, 
their  character  and  habits,  the  physical  features  and  industrial  \ 
resources  of  the  country,  and  the  practical  working  of  its  po- 
litical institutions  in  all  their  various  phases.  Tlie  full  attain- 
ment of  such  an  object  would  require,  not  a  summer's  tour,  or 
a  winter's  residence,  but  a  sojourn  of  several  years,  to  be  judi- 
ciously distributed  among  different  parts  of  that  vast  country 
in  the  proportion  of  their  relative  interest  and  importance. 

Prepared  to  carry  out  these  views,  I  departed  for  America 
in  the  autumn  of  1840,  and  entered  the  splendid  bay  of  New 
York  on  the  evening  of  the  29th  September.  I  determined  to 
divide  the  first  year  of  my  residence  between  the  two  chief 
cities,  New  York  and  Philadelphia.  After  remaining  for  a 
few  days  in  the  former  city,  at  the  Globe  hotel,  I  accordingly 
established  myself  in  Philadelphia,  where  I  remained  for  sev«n 
months;  after  which  I  removed  to  New  York,  where  I  resided 
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[  about  the  same  period.  I  now  prepared  to  commence  what 
<  might  properly  be  called  the  grand  tour  of  the  states  ;  and  be- 
accompanied  by  my  family,  the  consequent  expenses  of 
'<  travelling  for  so  long  a  time,  and  through  such  distant  coun- 
;  tries,  became  a  subject  of  consideration.  Besides  this  view 
I  of  my  projected  tour,  another  presented  itself.  Might  I  not 
I  render  myself  useful  to  the  public,  while  gleaning  information 
;  from  them?  and  in  the  act  of  being  useful  to  them,  might  I 
)  not  multiply  and  enlarge  the  means  of  obtaining  the  informa- 
'  tion  of  which  I  was  in  quest?  Since  my  arrival,  I  had  often 
,  been  solicited  to  deliver  in  one  or  other  of  the  chief  cities  pop- 
;  ular  lectures  on  scientific  subjects,  such  as  I  had  occasionally 
given  in  England.  I  had  already  observed  that  the  American 
;  public  in  New  York  and  Philadelphia  manifested  more  than 
I  ordinary  taste  for  that  species  of  oral  instruction.  Societies 
I  under  various  denominations  existed  in  these  cities  and  else- 
'<  where,  whose  chief  object  was  to  get  up  weekly  lectures  on 
miscellaneous  and  unconnected  subjects,  delivered  by  various 
individuals  invited  for  the  purpose  by  the  directors  of  such 
societies.  These  lectures,  although  for  the  most  part  since 
discontinued,  were  at  that  time  popular  and  numerously  at- 
i  tended.  The  success  of  these  projects  was  the  more  encour- 
;  aging  when  the  quality  of  the  article  so  greedily  enjoyed  by 
I  the  public  was  considered.  It  is  true,  that  among  the  numer-  . 
\  ous  discourses  thus  brought  together  from  all  parts  of  the  ; 
I  Union,  some  were  found  eminently  possessing  the  qualities  ! 
I  which  such  discourses  ought  to  have,  and  which  were  well  ; 
!  deserving  of  success.  But  these  were  like  angels'  visits,  few 
[  and  far  between — 


Apparent  rari  naiites  In  gurgite  vaslo. 
>  In  general,  the  history  of  such  productions  might  be  thus  j 
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traced :   The  committee  of  the society  of 

the  state  of ,  having  determined  to  make  up  a  course  l 

of  weekly  lectures  to  run  through  the  ensuing  season,  S' 
applications  to  all  persons  whose  names  they  imagine  will  } 
prove  attractive  to  their  subscribers.     The  real  fitness  of  the 
individuals  by  their  talents,  acquirements,  or  Habits,  to  fulfil  J 
the  duty  of  a  public  instructor  is  little  regarded.     But  the  title  ? 
of  the  Honorable  A.  B.,  senator  from  the  state  of  C.  D.,  or,  if  j 
senators  cannot  be  found,  the  Honorable  E.  F.,  member  of  the 
house  of  representatives,  is  regarded  as  a  qualification  of  the  \ 
first  order.      In  any  case  an  honorable  is  most  important. 
The  selection  being  made,  a  missive  in  due  form  is  despatched 
by  the  president  of  the  society,  inviting  the  honorable  legisla- 
tor to  deliver  a  lecture  in  the  course  of  the  ensuing  season  | 

before  the  members  of  the society,  on  such  subject  as  J 

the  honorable  legislator  may  please  to  select.  To  this  an  an-  I 
swer  arrives  in  due  time,  graciously  accepting  the  proffered  ( 
invitation,  and  informing  the  committee  that  the  subject  on  j 
which  the  honorable  legislator  will  descant  for  the  edification  I 

of  the  members  of  the society  will,  for  example,  be  the 

life  and  character  of  Dr.  Johnson.  When  the  important  even- 
ing, in  the  fulness  of  time,  arrives,  the  lecturer  is  ushered  in 
solemn  form  by  the  members  of  the  committee  to  the  pulpit, 
where  a  decanter  of  water,  a  glass  goblet,  aind  a  pair  of  wax 
candles,  are  duly  provided,  and  the  members  of  the  society 
are  entertamed  for  an  hour  and  one  half  with  selections  from 
Boswell's  Life  of  Johnson,  in  the  formation  of  which  the 
use  of  the  scissors  bears  an  unconscionable  ratio  to  that  of 
the  pen. 

Such  was  the  process  by  which  courses  of  lectures  were 
usually  got  up.  Now  and  then,  however,  these  societies 
would  obtam  the  aid  of  one  of  those  self-styled  professors  who 
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made  a  business  of  popular  lecturing.  In  such  cases,  how- 
ever, the  instruction  offered  to  the  audience  was  but  a  shade 
better  than  that  afforded  by  the  amateurs  to  whom  I  have  just 
referred.  The  information  of  these  teachers  is  usually  but 
skin  deep.  Their  study,  if  so  it  can  be  called,  is  made  ex-  ; 
pre^sly  for  their  lectures,  and  the  measure  of  their  own  infor- ' 
mation  is  strictly  limited  by  the  demands  of  their  audience. 
They  have  learned  for  the  occasion  so  much  about  the  matter 
in  hand  as  they  shall  have  to  say,  and  no  more.  Like  certain 
storekeepers  in  Broadway  and  Chesnut-street,  they  exhibit 
their  entire  stock  in  their  windows. 

Although  such  was  the  general  character  of  the  popular 
lectures  given  in  the  chief  cities  at  the  time  to  which  I  refer, 
there  were,  nevertheless,  occasional  exceptions.  Public 
teachers,  eminently  qualified,  were  from  time  to  time  induced 
to  extend  the  benefits  of  their  labors  from  the  professional 
chairs  of  the  universities,  colleges,  and  public  schools,  to  the 
more  mixed  and  popular  assemblies  of  the  literary  societies  of 
the  towns  and  cities  of  the  Union,  or  to  deliver  courses  to 
classes  brought  fogether  by  the  talents  and  reputation  of  the 
lecturer.  In  such  case,  I  observed  that  the  superior  value  of 
the  instruction  offered  was  duly  appreciated  by  the  public,  and 
that  large  and  attentive  audiences  were  collected,  notwith- 
standing the  unavoidable  imposition  of  a  much  higher  fee  of 
admission. 

Encouraged  by  all  these  circumstances,  I  proceeded  to  pre- 
pare the  necessary  means  of  illustration  adapted  for  large  and 
popular  audiences,  and  commenced  my  proceedings  by  a 
public  lecture  given  in  the  lecture-room  of  Clinton-Hall,  in 
New  York,  in  November,  1841.  The  result  having  proved  to 
be  successful,  I  removed  to  the  theatre  at  Niblo's  garde: 
where  an  advantageous  arrangement  was  made  with  the  pro- 
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pnetor,  and  the  lectures  %vere  continued  every  evening  until  j 
Christmas.  The  months  of  January  and  February,  1842,  were  i 
passed  at  Boston,  where  the  lectures  were  given  at  the  Melo  \ 
deon  and  at  the  Tremont  theatre.  The  unprecedented  num-  < 
bers  collected  in  the  latter  building  to  attend  the  lectures  will  \ 
not  be  forgotten  by  those  who  were  present  on  these  occa- 
sions, and  the^  afforded  a  satisfactory  proof  that  the  discourses  \ 
delivered  were  adapted  to  the  wants  and  the  tastes  of  the  pop- 
ulation of  that  part  of  the  Union. 

The  reputation  which  this  species  of  entertainment  had  thus  \ 
acquired  now  brought  invitations  from  the  other  chief  cities  j 
of  ^Ihe  Union,  and  aftei-  having  passed  the  months  of  January  \ 
and  February  in  Boston,  I  went  to  Philadelphia,  where  dis-  ? 
courses  were  delivered  m  the  Chesnut-street  theatre  on  the  J 
alternate  evenings  during  the  month  of  March. 

Between  this  time  and  the  close  of  the  year  1844,  I  visited  \ 
every  considerable  city  and  town  of  the  Union,  from  Boston  to  ) 
New  Orleans  and  from  New  York  to  St.  Louis.    Most  of  the  \ 
principal  cities  were  twice  visited,  and  several  courses  were  { 
given  in  Boston,  New  York,  and  PhiladelpRia.     Nor  did  the  \ 
appetite  for  this  species  of  intellectual  entertainment  appear  to  C 
flag  by  repetition.     The  audiences  at  Palme's  theatre,  New  \ 
York,  in  August,  1844,  were  even  more  crowded  than  they  J 
had  been  at  Niblo's  in  1S41 ;   those  in  the  Melodeon  at  Bos-  \ 
ton,  in  October,  1844,  were  as  numerous  as  they  had  been  at  \ 
the  Tremont  theatre  in  January,  1842 ;  and  the  crowds  assem- 
bled in  the  great  saloon  of  the  Philadelphia  museum,  in  De- 
cember, 1843,  and  January,  1844,  were  much  greater  than  \ 
even  the  audiences  of  the  Chesnut-street  theatre,  in  March, 
1842. 

My  purpose  in  mentioning  these  circumstances  is  not  the  ] 
gratification  which  such  results  might  afford  to  my  vanity,  al- 


y  Google 


though  I  see  no  reason  why  I  might  not  without  impropriety  > 
express  the  pleasure  which  they  afforded  to  me.     I  wish  to  j 
produce  them  as  affording  a  very  striking  characteristic  of  the  | 
American  people.     It  was  usual  on  each  evening  to  deliver  \ 
from  two  to  four  of  the  essays  which  compose  the  contents  f 
of  the  present  volumes,  and  the  duration  of  the  entertainment  I 
was  from  two  to  three  hours.     On  every  occasion  the  most  S 
■profound  interest  was  evinced  on  the  part  of  the  audience,  and  J 
the  most  unremitting  and  silent  attention  was  given.     These  \ 
assemblies  consisted  of  persons  of  both  sexes  of  every  age, 
from  the  elder  class  of  pupils  in  the  schools  to  their  grand-  5 
fathers  and  grandmothers.     Frequently,  as  at  the  Tremont ! 
theatre,  at  the  Chesnut-street  theatre  in  1842,  and  at  Pal- 
mo's  (New  York)  in  1844,  the  audiences  amounted  to  twelve  i 
hundred,  and  sometimes,  as  at  the  Philadelphia  museum  in 
1843,  they  exceeded  two  thousand.     Nor  was  the  manifesta- 
tion of  this  interest  confined,  as  might  be  imagined,  to  the  \ 
northern  Atlantic  cities,  where  education  is  known  to  be  at- 
tended to,  and  where,  as  in  New  England,  the  diffusion  of  \ 
useful  knowledge  is  regarded  as  a  paramount  duty  of  the  J 
state.     The  same  crowded  assemblages  were  collected  for  a  j 
long  succession  of  nights  in  the  largest  theatres  of  each  of  the  5 
southern  and  western  cities — in  the  Charleston  theatre;  the  j 
Mobile  theatre ;  the  St.  Charles  theatre,  New  Orleans ;  the  i 
Vicksburg  and  Jackson  theatres,  Mississippi ;  the  St.  Louis  i 
theatre,  Missouri;    and  in  the  theatres  of  Cincinnati,  Pitts- 
burg, and  other  western  and  central  cities. 

It  cannot  be  denied,  that  such  facts  are  symptomatic  of  a  i 
very  remarkable  condition  of  the  public  mind,  more  especially  > 
aoaong  a  people  who  are  admitted  to  be,  more  than  any  other  \ 
nation,  engrossed  by  money-getting  and  by  the  more  material  J 
pursuits  of  life.     The  less  pretension  to  eloquenoe  and  the  ( 
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J  attractive  graces  of  oratory  the  lecturer  can  offer,  the  more  J 
!  surprising  is  the  result,  and  the  more  creditable  to  the  intelli-  < 
j  gence  of  the  American  people.  It  is  certain  that  a  similar  in-  > 
I  tellectual  entertainment,  clogged,  as  it  necessarily  was,  with  j 
!  a  pecuniary  condition  of  admission,  would  fail  to  attract  an  J 
I  audience  even  in  the  most  polished  and  enlightened  cities  of  \ 
]  Europe.  f 

It  is  proper  to  state  here,  that  the  lectures  as  orally  given,  \ 
\  though  similar  in  substance  with  those  which  appear  in  the  ? 
I  present  volumes,  differed  considerably  in  form  and  expression.  \ 
I  This  must  necessarily  be  the  case.  The  oral  discourses  were  ? 
strictly  extemporaneous,  in  the  only  sense  in  which  didactic  \ 
discourses  ever  are  so.  They  were  delivered  from  the  stage  J 
[  of  the  theatre  without  reference  to  any  written  notes  or  mem-  J 
I  oranda.  The  general  outline  of  the  subject,  the  leading  argu-  i 
;  ments,  and  the  most  important  illustrations  and  examples,  I 
\  alone  were  previously  registered  in  the  memory  of  the  ) 
ker.  The  language  in  v/hich  these  were  clothed,  and  the  j 
I  more  minute  details  of  the  subjects,  arguments,  examples,  J 
I  and  illustrations,  were  left  to  the  suggestion  and  inspiration  j 

>  of  the  moment.  Nor  was  this  course  adopted  merely  to  save  J 
;  labor,  or  from  any  necessity  arising  from  the  over-pressure  of  > 
'•  business.  It  was  pursued  because  it  was  found,  from  long  j 
!  practical  experience  in  public  lectures,  to  be  the  best.     The 

>  style  of  the  speaker  is  more  animated  than  it  could  be  when  < 
!  the  discourse  is  uttered  verbally  from  memory.  The  mastery  | 
'  which  he  has,  or  ought  to  have,  over  his  subject,  and  the  rich  < 
1  and  various  stores  of  illustration  on  which  he  draws,  enables  | 
'  him  to  adapt  his  mode  of  reasoning  and  style  of  illustration  \ 

to  the  varying  character  and  capacity  of  his  audience,  and  j 
'  hence  it  will  happen  often  that  the  same  lecture,  delivered  on  } 
i  tw.o  different  occasions  and  to  two  different  audiences,  will  be  { 
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'  given  in  different  language,  style,  and  with  different  illustra- 
[  tions.    Those  who  have  attended  more  than  once  the  same 

•  lectures  delivered  by  me,  will  recognise  the  truth  of  this  ob- 
I  servation. 

But  a  written  didactic  discourse  ought  to  differ  materially 
!  from  an  oral  discussion  of  the  same  subject.    A  reader  and  a 

•  hearer  are  placed  under  very  different  conditions.  The  one 
I  can  proceed  with  such  deliberation  as  the  readiness  or  slow- 
;  ness  of  his  capacity  and  the  greater  or  less  abstruseness  of 
'•  the  subject  may  require.    He  may  retrace  his  steps  as  often 

s  he  may  find  necessary,  returning  again  and  again  on  the 
!  same  sentences.  The  other  must  catch  the  spirit  and  sense  ; 
;  as  fast  as  the  words  fall  from  the  hps  of  the  speaker.     The 

■  style  of  a  written  essay  is  like  that  of  a  cabinet  picture,  that  of 
[  an  oral  discourse  lite  scene  painting.  The  effect  of  the  one  is 
I  produced  by  elaborate  finish,  that  of  the  other  by  bold  and 
;  rough  lines  which  seize  the  most  inattentive  and  unskilled 
>  eye. 

These  distinctions,  however  true  and  important,  are  rarely 
'  attended  to  by  those  on  whom  the  duty  of  public  instruction 
;  devolves.  Lectures  accordingly,  even  when  they  proceed 
'•  from  those  who  by  acquirement  are  most  competent  to  in- 
',  struct,  are  often  either  nothing  more  than  demonstrations  of 
'  scientific  propositions  and  principles,  or  written  discourses, 
:eaerally.  read  from  the  manuscript,  or,  as  much  more  rarely 

■  happens,  committed  to  memory,  and  delivered  verbatim  as 
I  written. 

The  quahfications  of  a  good  public  lecturer  for  popular  audi- 

j  ences  are  seldom  found  combined  in  the  same  person,  although 

none  of  them  can  be  regarded  as  very  exalted  intellectual 

ts.  Such  a  teacher  must  above  all  things  possess  a  knowl- 
f  edge  of  his  subject  much  more  profound  than  that  which  he 
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is  required  to  impart.     He  must  have  a  familiarity  with  all  its  { 
details,  such  as  can  only  be  acquired  by  long  experience  in  { 
teaching.     The  same  experience  can  alone  make  him  know  > 
the  difficulties  of  comprehension  which  his  hearers  will  feel, 
and  render  him  familiar  with  those  means  of  illustration  and  ) 
exposition  which  will  give  him  the  easiest,  surest,  and  most  J 
expeditious  avenues  to  their  understandings.     He  must  pos- 
sess such  command  of  his  subject,  and  such  fluency  of  lan- 
guage,, as  will  render  him  altogether  independent  of  written  | 
memoranda  or  notes,  and  enable  him  to  speak  directly  from  ! 
his  thoughts  and  his  understanding,  and  not  merely  repeat  ; 
words  which  he  has  previously  committed  to  memory.    Clear- 
ness and  order  must  be  conspicuous  in  his  reasonings,  and  his 
illustrations  must  not  only  be  apposite,  but  adapted  to  the  1 
character,  capacity,  and  acquirements  of  his  audience.     He  j 
must  be  endowed  by  nature  with  voice  sufficiently  powerful,  > 
and  articulation  sufficiently  distinct,  to  render  every  syllable  he  J 
utters  easily  and  immediately  audible  to  the  most  remote  of  j 
his  hearers,  and  his  manner  and  appearance  must  be  exempt  j 
from  any  peculiarities  calculated  to  excite  repugnance.     Such  > 
a  teacher  will  be  sure  to  command  success  with  a  popular  < 
audience,  and  his  labors  will  be  beneficial  to  his  hearers  and  \ 
profitable  to  himself  j 

That,  in  the  delivery  of  the  lectures  comprised  in  these  vol-  5 
umes,  I  was  enabled  to  present  this  combination  of  qualifica-  \ 
tions  I  do  not  pretend  ;  but  I  can  state,  with  perfect  truth,  that  \ 
ever  since  I  commenced  my  duties  as  a  public  teacher,  it  has  J 
been  my  aim  to  acquire  these  qualifications  to  the  utmost  ex-  j 
tent  to  which  my  natural  gifts  enabled  me  to  attain  them,  and  j 
it  is  to  the  diligence  with  which  these  endeavors  were  directed, 
and  the  perseverance  with  which  they  were  continued,  that  I  ( 
ascribe  the  success  which  has  attended  my  eff'orts  as  a  popu-  \ 
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1  lar  lecturer,  both  in  Europe  and  America.     I  may  therefore  < 
I  be  allowed  to  express  a  hope,  that  this  statement  may  prove  j 
',  useful  to  others  who  may  be  induced  to  adopt  a  like  course  < 
;  with  the  same  public  object. 
I       The  miscellaneous  nature  of  the  contents  of  the  present  s 
;  volumes,  and  the  absence  of  any  logical  connexion  or  ar- 
i  rangement  among  them,  render  some  further  explanation  ne- 
;  cessary  respecting  the  mode  in  which  the  lectures  were  given. 
I  The  audiences  being  composed,  for  the  most  part,  of  persons  5 
',  engaged  in  the  pursuits  of  business,  the  exercise  of  profes- 

>  sions,  and  the  other  active  occupations  of  life,  no  regular  cr  5 
!  consecutive  attendance  on  any  series  of  lectures  could  be  I 

>  looked  for.     Occasional  attendances,  as  leisure,  convenience, 

j  or  inclination,  might  induce,  were  all  that  could  be  expected.  ( 
;  It  was,  therefore,  necessary  that  the  discourses  delivered  on  ; 
sach  evening  should  be,  as  far  as  possible,  separate  and  inde-  j 
'  pendent,  intelligible,  useful,  and  entertaining  of  themselves,  > 
;  without  reference  to  any  others  previously  given,  so  that  no  J 
'  one  might  be  deterred  from  availing  themselves  of  any  one  \ 
',  evening's  lecture  merely  because  they  had  not  been  enabled  V 
'  to  attend  the  preceding  ones.  The  same  consideration  ren-  f 
1  dered  it  unnecessary  to  observe  any  fixed  order  in  the  subjects  I 
I  of  the  lectures.  It  was  usual  to  extend  the  evening's  enter-  ? 
I  tainment  to  a  length  not  pi^eviousiy  customary  with  public  J 
I  lectures.  From  two  and  one  half  to  three  hours  was  not  an  5 
I  unusual  length.  This  time,  however,  was  not  devoted  to  a  > 
I  single  subject.  A  succession  of  two,  three,  and  sometimes  \ 
1  four  subjects,  would  often  be  produced,  having  no  connexion  J 
I  whatever  with  feach  other.  Thus  astronomy,  electricity,  and  { 
I  the  steam-engine,  would  be  successively  noticed,  short  inter-  J 
!  vals  of  rest  being  left  between  them,  as  between  the  perform-  l 
[  ances  in  a  dramatic  theatre.     Unusual  and  unpromising  as  \ 
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',  such  a  project  may  seem  to  have  been,  it  was  nevertheless 
;  perfectly  successful,  not  in  one,  or  in  two,  or  in  three  cities,  ■ 
!  but  in  every  part  of  the  Union.  This  will  explain  much  ' 
;  that  might  otherwise  appear  strange  in  the  subject  and  con- 
[  tents  of  these  volumes.  The  miscellaneous  character  of  the 
subjects  discussed — the  rejection  of  all  attempt  at  systern- 
p  atic  arrangement — and  the  varying  length  of  the  articles  — 
I  all  correspond  with  the  lectures  as  they  were  delivered  to  the 

>  public. 

It  is  scarcely  necessary  to  observe  that  the  same  series  of 
I  discourses  was  not  given  in  all  places  which  I  visited,  nor 
I  was  the  entire  collection  contained  in  the  present  volumes 
'<  given  in  any  one  place.  Most  of  these  essays  were,  however, 
;  on  some  one  or  other  of  my  visits  to  New  Yorl?,  Philadelphia, 

>  and  Boston,  given  in  those  cities. 

A  considerable  number  of  these  essays  were  prepared  ex- 

>  pressly  for  my  lectures,  among  which  may  be  mentioned  all 
',  those  on  astronomical  subjects,  with  one  or  two  trifling  excep- 
l  tions,  and  several  of  those  on  steam.  The  substance  of  some 
!  have  been  incorporated  in  one  or  other  of  my  former  works, 
;  but  in  every  case  they  have  been  more  or  less  modified  and 

adapted  to  their  present  purpose. 

The  object  of  this  miscellany  is  not  to  enlighten  those  who 
I  devote  themselves  to  the  regularly-disciplined  study  of  those 
I  sciences  and  arts  which  are  here  so  slightly  and  popularly 
I  sketched.  My  purpose  has  been  to  instruct  and  inform,  and 
t  the  same  time  rationally  to  amuse,  those  who  have  neither 
I  time,  inclination,  nor  opportunity,  to  cultivate  mathematics,  by 
which  alone  a  strict  professional  knowledge  of  astronomy, 
!  mechanics,  and  physics,  can  be  acquired.  To  have  attempted 
5  to  adapt  the  work  to  both  classes — to  those  who  merely  seek 
■  general  information  on  these  subjects,  without  pursuinj 
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I  them  through  their  strict  scientific  details,  and  to  those  whose  > 
\  object  is  to  obtain  a  profound  knowledge  of  them — would  ( 
;  have  assuredly  led  to  the  production  of  a  work  which  would  j 
I  have  been  useless  to  both  classes.  It  would  have  been  unin-  \ 
[  telligible  to  the  popular  reader,  and  insufficient  for  the  scien-  ) 
I  tific  student.  \ 

Mathematical  reasoning  and  technical  phraseology  have,  ? 
',  therefore,  been  almost  if  not  altogether  excluded  from  these  \ 

s.  Instead  of  the  rigid  demonstrations  of  which  the  { 
!  propositions  and  principles  are  susceptible  by  the  aid  of  the  \ 
\  language  and  symbols  of  the  pure  mathematics,  other  proofs  j 
I  are  substituted,  expressed  in  ordinary  language,  based  on  or- 1 
t  dinary  notions,  and  coming  within  ordinary  comprehension,  j 
<  Illustrations  which  would  be  inadmissible  in  strictly  scientific  > 
;  essays,  are  here  freely  used,  and  even  profusely  resorted  to.  j 
•  The  same  position,  where  it  presents  any  difficulty  or  ab- 
!  struseness,  is  presented  to  the  reader  successively  under  dif-  \ 
I  ferent  aspects,  and  elucidated  by  different  illustrations ;  so  that  f 
i  understanding,  which  may  not  be  reached  by  one,  will  proba-  \ 
I  bly  be   struck  by  another.     Subjects  also   are  occasionally  ) 

ted  for  discussion,  such,  for  example,  as  the  plurality  of  ] 
I  worlds,  which,  though  quite  admissible  here,  would  scarcely  i 
■  find  a  fit  place  in  a  strictly  scientific  work.  ) 

Great  pains  have  been  taken  by  me,  and  no  expense  has  j 
i  been  spared  by  the  publishers,  in  supplying  these  volumes  I 
I  with  instructive  and  useful  diagrams,  Those  which  I  used  in  I 
'<  my  public  lectures,  have  been  reduced  in  scale,  and  engraved  i 
;  for  this  purpose.  The  telescopic  views  of  the  planets  have  I 
I  been  taken  from  the  drawings  of  the  observers  of  highest  I 
;  reputation ;  and  some  of  the  views  of  the  lunar  surface,  copied  \ 
•  from  Madler's  drawings,  now  appear  for  the  first  time  (so  far  J 
i  I  am  informed)  in  this  country.  \ 
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In  the  lectures  on  the  steam-engine,  I  used  large  sectional  J 
!  models  as  illustrations.      In  lieu  of  these,  the  present  vol- 
!  umes    are  illustrated  with  an  extensive  collection  of  plans 
I  and  sections  of  steam-engines  and  their  various  parts,  made  J 
1  on  a  scale   as  large  as   the  size  of  these    pages  admitted. 
;  Among   these,  may   be   mentioned,   as   more    especially  de- 
)  serving  of  attention,  the  series  of  eight  large  drawings  of  j 
J  the  locomotive-engines  of  Messrs.  "  Stephenson    and  Com- 
>  pany." 

It  may  be  proper  to  observe  here,  that,  as  these  discourses  { 
were  designed  for  the  use  of  the  general  reader,  the  prac- 
tice I  have  found  beneficial  in  my  lectures,  of  using  round  \ 
numbers    in   preference   to  the    exact  numerical  value,  has  \ 
been  persevered  in.      Round  numbers  have  the  advantage  J 
of  being  easily  impressed  on  the  memory;  and  for  the  pur- 
poses of  the  readers  for  whose  use  these  volumes    are  in- 
tended, they  have  all  the  necessary  utility.     Thus,  for  ex- 
ample, the  distance  of  the  earth  from  the  sun  is  generally  \ 
stated  as  a  hundred  millions  of  miles.      This  is  easily  re- 
membered.    Nor  is  it  of  any  real  importance  for  the  objects 
of  general  information,  that  the  real  distance  is  more  ex- 
actly ninety-five  millions  of  miles.     Again,  the  pressure  of  ! 
the    atmosphere    is    a  varying  quantity,  changing  not  only 
daily  and  hourly  everywhere,  but  even  at  the  same  time  dif- 
fering in  different  places.     It  would  be  impossible  to  fix  in 
the  memory  its  average  values  at  each  season  of  the  year, 
and  at  different  places  ;   but  it  is  very  useful  and  satisfac- 
tory to  know  that  it  may  be  assumed  generally  to  be  at  the  S 
rate  of  about  fifteen  pounds  on  every  square  inch  of  surface  j 
exposed  to  its  action. 

These  volumes  have  been  designed  for  general  informa- 
tion and  amusement,  rather  than  for  the  purposes  of  refer- 
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!  ence  or  systematic  instruction.  Nevertheless,  the  publishers 
•  have  caused  a  copious  index  to  he  made  for  the  work :  the 
I  same  faciUty  of  reference  is  afforded  as  if  the  usual  order 
I  were  observed  in  the  arrangement  and  classification  of  the 
j  subjects. 

Dion.  Lardner. 

May,  1846. 
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INTRODCCTION. 


Several  of  the  lectures  delivered  by  Dr.  Labdnek  in  the  city  of  j 

1  New  York  were  reported  for  "  The  New  York  Tribune,"  and  were  j 

>  afterward  published  in  pamphlet  form.     The  last  edilion  of  these  lee- 

;  tures  ivas  introduced  by  a  "  Sketch  of  the  Progress  of  Physical  Sci- 

)  ence,"  written  by  Dr.  Thomas  Thomson,  of  London.     The  pubhshers  5 

of  this  complete  edition  of  Dr.  Lakdmer's  lectures  deem  the  following 

extracts  from  that  treatise,  respecting  the  physical  sciences  of  the  ancients, 

,n  appropriate  introduction  to  these  volumes  : — 

The  cradle  of  the  human  race  was  beyond  dispute  the  southern  por- 

5  tion  of  Asia — a  delightful  chmate,  where  the  original  inhabitants  of  the  S 

)  earth  first  lived  and  multiplied.     Chaldea  and  India  had  attained  a  high  ) 

?  degree  of  civilization  long  before  the  Greeks  and  Romans  had  begur 

J  emerge  from  a  slate  of  barbarism  ;  but  we  know  comparatively  little  of  ! 

)  the   attainments    in  science   which   these   nations   had  reached.      We  \ 

}  are  equally  ignorant  of  the  progress  which  mathematical  and  physical  I 

I  inquiries  had  made  in  China — not  one  of  the  treatises  on  mathematics,  J 

j  arithmedc,  and  astronomy,  in  the  Chinese  language,  having  been  trans- 

j  lated  into   any  of  the  languages   of  modern  Europe.     But  the  resem- 

j  blance  between  ihe  Chinese  and  the  ancient  Egypdans  is  so  very  stri- 

(  king,  and  so  complete,  that  it  is  difficult  to  avoid  suspecting  that  they  i 
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had  a  common  origin.     If  th  s,  were  so  China,  from  its  contiguity  ii 
India  and  Chaldea,  and  from  the  delcous  nature  of  its  climate,  must  j 
have  heen  first  furnished  w  ih  ml  ab  tants      And  the  Egyptians,  if  ever 
they  were  a  colony  of  Chine=!e   mu^t  I      e  been  transplanted  into  Egypt  } 
long  before  the  commencement  of  h  atory      It  was  from  Egypt  that  tlie 
Greeks  drew  the  first  rudiments  of  the  r  mathematical  and  physical  sci- 
ence ;  and  the  scientific  acq    stons  of  that  singular  pisople  constitute  i 
everything  that  we  know  respecting  the  progress  which  the  ancients  had  ) 
made  in  the  investigation  of  nature. 

From  the  genial  climate  of  the  early  inhabitants  of  the  east,  and  the  J 
nature  of  the  life  which  they  led,  it  was  natural  to  expect  that  the  mag- 
nificent spectacle  of  the  heavens  would  speedily  attract  their  attention. 
We  are  certain  that  the  Chaldeans  made  astronomical  observations  at  ( 
least  as  early  as  the  twenty-seventh  and  twenty-eighth  years  of  the  era  of  ) 
Nahonasser ;  that  is  to  say,  seven  hundred  and  nineteen  and  seven  hun-  ■ 
dred  and  twenty  years  before  the  commencement  of  the  Christian  era  : 
for  Ptolemy  makes  use  of  three  observations  of  the  eclipses  of  the  moon, 
which  took  place  during  these  years,  and  which  he  found  in  their  rec- 
ords.    Diogenes  Laertius  informs  us  that  the  Egyptians  had  preserved  i 
in  their  annals  an  account  of  three  hundred  and  seventy-three  eclipses  of  J 
the  sun,  and  eight  hundred  and  thiity-two  of  the  moon,  which  had  hap- 
pened before  the  arrival  of  Alexander  the  Great  in  their  country.     Now  | 
these  eclipses  required  between  twelve  hundred  and  thirteen  hundred  j 
years  to  happen.     Alexander's  visit  to  Egypt  took  place  in  the  year  331 
before  the  Christian  era.     If  we  add  this  number  to  the  length  of  time  J 
during  which  the  Egyptians  continued  to  observe  the  eclipses  of  the  s 
and  moon,  we  obtain  sixteen  hundred  and  thirty-one  years  before  the  j 
commencement  of  the  Christian  era  for  the  period  at  which  the  Egyp- 
an    b     a      o        o  d    he      ob  e   'adons.     This  period   is  rather  more  } 
]  a    a         u  J     1  e     1  e   lea  1    of  Moses,  and  is  about  twenty-four  years  J 
b  fo  e    i  e    n  on  of    1  e  Olympic  games;  constituting  but  a  small 

p  of  lefo  }e  1  ho  and  e  ght  hundred  and  sixty-three  years  du- 
,1  n  h  y  boa  ed  1  1  ey  had  been  engaged  in  making  astro- 
non  alob  e  a  on  b  Is  as  obviously  a  fable,  invented  for  the  pur- 
po  e  of    a     n      1  en    el  e     n    1  e  opinion  of  the  Macedonian  conqueror.  ■ 
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What  progress  the  Chaldeans  and  Egyptians  had  made  in  astronomy, 
I  it  is  hard  to  say.     They  certainly  had  become  acquainied  with  the  plan- 
\  ets ;  but  whether  the  Egyptians  had  discovered,  as  Macrobius  assures  J 
'  us,  that  Mercury  and  Venus  revolve  round   the   sun,  is  not  so    clear,  j 
!  Their  notions  respecting  the  length  of  the  solar  year,  and  the  mean  < 

>  length  of  the  lunation,  must  have  been  a  near  approximation  to  the  truth. 
This  is  evident  from  the  famous  Chaldean  period  called  Saros.  It  con- 
sisted of  two  hundred  and  twenty-three  lunar  months,  at  the  end  of  j 

'  which  the  sun  and  moon  were  in  the  same  situation  with  respect  to  each  S 
\  other  as  when  the  period  began.     This  period  includes  a  certain  num- 
ber of  eclipses  of  each  luminary,  which  are  repeated  every  saros  in  the  J 
S  same  order. 

The  Chaldeans  appear  to  have  divided  the  day  into  twelve  hours, ; 
J  to  have  construcled  sun-dials  for  pointing  out  the  hour.     The  sun-dial  ( 
'  of  Ahaz  is  mentioned  in  the  Old  Testament,  on  the  occasion  of  the  re-  f 
(  covery  of  Hezekiah ;  but  nothing  is  said  about  its  construction.     Un- 
doubtedly, however,  such  sun-dials  would  require  a  certain  knowledge 
[  of  gnomonics — which,  therefore,  the  Chaldeans  must  have  possessed. 

That  the  Egyptians  had  made  some  progress  in  mathematics  admits 
!  of  no  doubt,  as  the  Greeks  inform  us  that  they  derived  their  first  knowl- 
edge of  that  branch  of  science  from  the  Egyptian  priests.     But  that  the  J 
mathematical  knowledge  of  the  people  could  not  have  been  very  exi 

>  sive,  is  evident  from  the  ecstasy  into  which  Pythagoras  was  thrown  ! 
en  he  discovered  that  the  square  of  the  hypotenuse  of  a  right-angi 

I  triangle  is  equal  to  the  square  of  the  two  sides :  for  ignorance  of  this  J 
'  very  elementary,  but  important  proposition,  necessarily  implies  very  ( 
I  little  knowledge  even  of  the  most  elementary  pails  of  mathematics. 

It  was  in  Greece  that  pure  mathematics  first  made  decided  progress. 
i  The  works  of  three  Greek  mathematicians  still  remain,  from  which  we  J 

'6  obtained  information  of  all  or  almost  all  the  mathematical  knowl-  j 

>  edfe  attained  by  the  Greeks.  These  are  Euclid,  Appolonius,  and  J 
!  Archimedes.  ; 

Euclid  lived  in  Alexandria  during  the  reign  of  the  first  Ptolemy.  | 
I  Nothing  whatever  is  known  respecting  the  place  of  his  nativity ;  though  j 
s  certain  he  lived  in  Greece,  and  that  he  died  in   Egypt,  after  I 
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I  foundation  of  the  celebrated  Alexandrian  school.  He  collecled  all  the  '< 
)  elementary  facts  known  in  mathematics  before  his  time,  and  arranged  j 
I  them  in  such  an  admirable  order — beginning  with  a  few  simple  axioms, 
j  and  deducing  from  them  his  demonstrations,  every  subsequent  demon- 
S  stration  depending  on  and  rigidly  deduced  from  those  that  immediately  j 
I  precede  it  —  that  no  subsequent  writer  has  been  able  lo  produce  any-  \ 
!  thing  superior  or  even  equal.  His  "Elements"  still  continue  to  be  J 
>  taught  in  our  schools,  and  could  not  be  dispensed  with,  unless  we  were  ' 
{  to  give  op  somewhat  of  that  rigor  which  has  been  always  so  much  i 
)  mired  in  the  Greek  geometricians.  Perhaps,  however,  we  carry  this  J 
J  admiration  a  little  too  far.  The  geometrical  axioms  might  be  somewhat  ( 
(  enlarged,  without  drawing  too  much  upon  the  faith  of  beginners.  And  \ 
)  were  the  method  followed,  considerable  progress  might  be  made 
)  mathematics  without  encountering  some  of  those  difficult  demonstrations  j 
(  that  are  apt  to  damp  the  ardor  of  beginners. 

The  elements  of  Euclid  consist  of  thirteen  books.  In  the  first  foui 
J  he  treats  of  the  properties  of  lines,  parallel  lines,  angles,  triann-les,  and 
J  circles.  The  fifth  and  sixth  treat  of  proportions  and  ratios.  The  sev- 
5  enth,  eighth,  ninth,  and  tenth,  treat  of  numbers.  The  eleventh  and 
S  twelfth  treat  of  solids ;  and  the  thirteenth  of  solids :  also  of  certain  pre- 
<  liminary  propositions  about  cutdog  lines  in  extreme  and  mean  ratio.  It  ] 
S  is  the  first  four  books  of  Euclid  chiefly  that  are  studied  by  modern 
(  ometricians.  The  rest  have  been,  in  a  great  measure,  superseded  by  } 
I  more  modern  improvements. 

J  Appolonius  was  born  at  Perga  in  Paniphylia,  about  the  middle  of  the  [ 
?  second  century  before  the  Christian  era.  Like  Euclid,  he  repaired  to  \ 
J  Alexandria,  and  acquired  his  mathematical  knowledge  from  the  succes- 
f  sors  of  that  geometrician.  The  writings  of  Appolonius  were  numerous  i 
?  and  profound  ;  but  it  is  upon  Ins  "  Treatise  on  the  Cohk  Satiom,^ 
I  eight  books,  that  his  celebrity  as  a  mathematician  chieflj  depends. 
}  The  conic  sections,  which,  after  the  circle,  are  the  moat  unportant  of  j 
?  all  curves,  were  discovered  by  the  raalhematicians  of  the  Platonic  school ;  I 
J  though  who  the  discoverer  was  is  not  known  A  considerable  number  j 
I  of  the  properties  of  these  curves  were  gradually  developed  by  t!ie  Greek  } 
J  geometricians.     And  the  first  four  books  of  Appolonius  are  a  collection  f 
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S  of  everything  known  respecting  these  curves  before  his  time.     The  las 

r  boolis  contain  his  own  discoveries.     In  the  fifth  book  he  treats  of  i 
S  the  greatest  and  smallest  lines  which  can  be  drawn  from  each  point  of  j 
their  circumference,  and  many  other  intricate  questions,  which  required  j 
(  the  greatest  sagacity  and  the  most  unremitting  attention  to  investigate.  S 
I   The  sixth  book  is  not  very  important  nor  difficult ;  but  the  seventh  con- 
J  tains  many  very  important  problems,  and  points  out  the  singular  analogy  j 
I  that  eslsts  between  the  properties  of  the  various  conic  sections.     The  } 
eighth  book  has  not  come  down  to  us.     The  fifth,  sixth,  and  seventh  S 
books,  were  discovered  by  Borelli,  in  Arabic,  in  the  library  of  the  grand- 
l  duke  of  Tuscany.     He  got  them  translated,  and  published  his  translation, 
with  notes  and  illustrations,  in  the  year  1661.     Dr.  Halley  published  an  1 
edition  of  Appolonius  in  1710,  and  has  supplied  the  eighth  book  from  j 
,  the  account  given  by  Pappus  of  t!ie  nature  of  its  contents. 

Archimedes  was,  beyond  dispute,  the  greatest  mathematician  that  ao- 
[  tiquity  produced.     He  was  born  in  Sicily,  about  the  year  287  before  the  ( 
S  Christian  era,  and  is  said  to  have  been  a  relation  of  Hiero,  king  of  Syr- 
>  acuse.     So  ardent  a  cultivator  was  he  of  the  mathematics,  that  he  was  i 
,  accustomed  to  spend  whole  days  in  the  deepest  investigations,  and  was,  j 
)  wont  to  neglect  his  food,  and  forget  his  ordinary  meais,  till  his  attention  j 
s  called  to  them  by  the  care  of  his  domestics.     His  studies  were  par-  j 
J  iLColariy  directed  to  the  measurement  of  curvilinear  spaces  ;  and  he  in- 
'  vented  a  most  ingenious  method  of  performing  such  measurement,  well  J 
j  known  by  the  name  of  the  "  Method  of  Exhaustions." 

When  it  is  required  to  measure  the  space  bounded  by  curve  lines,  I 
1  the  length  of  a  curve,  or  the  solid  bounded  by  curve  surfaces,  the  inv 

tigation  does  not  fall  within  the  range  of  elementary  geometry.  Recti-  S 
I  linear  figures  are  compared  on  the  same  principle  as  superposition  ;  but  < 
)  this  principle  can  not  be  applied  to  curvilinear  figures.  It  occurred  to  J 
{  Archimedes,  that,  by  inscribing  a  rectilinear  figure  within,  and  another  J 
(  without  the  figures,  two  limits  would  be  obtained,  the  one  greater  and  j 
'  the  other  smaller  than  the  area  required.  It  was  evident  that,  by  Jn-  i 
I  creasing  the  number,  and  diminishing  the  sides  of  these  figures,  tliese  J 
{  two  limits  were  made  continually  to  approach  each  other.  Thus  they  \ 
\  came  nearer  and  nearer  to  the  curve  area  which  was  intermediate  be-  I 
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\  tween  them.  He  observed,  by  thus  increasing  the  number  of  sides  for  a  J 
{  great  number  of  times  successively,  tiiat  he  approached  a  certain  as-  j 
5  signable  rectilinear  area,  and  could  come  nearer  to  it  than  any  difference  \ 
I  how  small  soever.  It  was  evident  that  this  rectilinear  area  was  the  J 
{  real  size  of  the  curvilinear  area  to  be  measured.     It  was  in  this  way  that  } 

he  found  that  two  thirds  the  rectangle  under  the  abscissa  and  ordinate  I 
I  of  a  parabola,  is  equal  to  the  area  contained  by  the  abscissa  and  ordi-  J 
I  nate,  and  that  part  of  the  circumference  of  the  parabola  lying  between  j 
m.  In  the  same  way  he  obtained  an  approximate  measure  of  the  ( 
'  area  of  the  circle,  demonstrating  that  if  the  radius  be  unity,  the  circum-  J 
1  ference  is  less  than  3ig,  and  greater  than  3^^.  His  two  books  on  the  S 
l  sphere  and  cylinder  were  conducted  by  a  simikr  method  of  reasoning,  i 
>  He  measures  ihe  surface  and  solidity  of  these  bodies,  and  terminates  his  ! 
I  treatise  by  demonstrating  that  the  sphere  (both  in  surface  and  sohdity)  is  j 
\  two  thirds  of  the  circumscribed  cylinder.  ( 

In  the  same  spirit  his  "  Treatise  on  Conoids  and  Spheroids"  was  I 
I  conducted.  These  names  he  gave  to  solids  formed  by  the  revolutions  j 
5  of  the  conic  sections  roi  nd  the  r  axis.  We  pass  over  his  researches  on  I 
[  the  "  Spiral  of  Arcl  nedes  as  it  s  usually  called,  tliough  in  reality  dis-  i 
f  covered  by  Conon,  o  e  of  h  s  f  eids  ;  but  must  notice  the  treatise  enti-  ? 
I  "Psaramites,"  o  Arenanus  '  Some  persons  had  affirmed  that  \ 
•  no  number,  however  great,  was  suiBcient  to  express  the   number  of  i 

grains  of  sand  situated  on  the  seashore.  This  induced  Archimedes  to  f 
1  write  his  treatise,  in  which  he  demonstrated  that  the  fiftieth  term  of  a  ( 
?  ducuple  increasing  progression  is  more  than  sufficient  to  express  all  the  i 
I  grains  of  sand  contained  in  a  sphere,  having  for  its  diameter  the  distance  J 
'  between  the  eardi  and  the  sun,  and  totally  filled  with  grains  of  sand.  ( 
<  The  treatise  is  short,  but  abstruse,  in  consequence  of  its  imperfect  method  i 
I  of  expressing  numbers  employed  by  the  Greeks.  Were  our  figures  S 
1  substituted  for  the  Greeks  letters,  the  reasoning  would  be  sufficiently  I 
t  simple  and  clear.  > 

Archimedes  did  not  confine  himself  to  pure  mathematics:  he  turned  ? 
[  his  attention  likewise  to  mechanics,  and  may  in  some  measure  be  con-  ( 
;  sidered  as  the  founder  of  that  important  branch  of  physical  science.  He  S 
I  first  laid  down  the  true  principles  of  statics  and  hydrostatics.     The  for- 
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mer  he  treats  in  his  work  entitled  "  Isorropica,"  or  "  De  Equiponderaa-  S 
tibus."     His  statics  are  founded  on  the  ingenious  idea  of  the  centre  of  } 
j  gravity,  which  he  first  conceived,  and  which  has  been  so  advantageously  J 
)  employed  by  modern  writei-s  on  statics-     By  means  of  this  principle,  J 
[nd  a  few  simple  axioms,  he  demonstrates  the  reciprocity  of  the  weight,  J 
ind  the  distance  in  the  lever  and  in  balances,  with  unequal  arms.     He  j 
,  determined  the  centre  of  gravity  of  various  figures,  particularly  of  the  S 
1  parabola,  with  great  ingenuity.  S 

His  discoveries  in  hydrostatics  were  the  consequence  of  a  query  put  j 
3  him  by  King  Hiero.  This  monarch  had  given  a  certain  quantity  of  \ 
j  gold  to  a  jeweller,  to  fabricate  a  crown,  and  he  suspected  that  the  artist  5 
\  had  purioined  a  portion  of  the  gold,  and  substituted  silver  in  its  place.  J 
I  Archimedes  was  requested  to  point  out  a  method  of  determining  bow  \ 
)  much  gold  had  been  purloined,  and  how  much  silver  substituted.  The  ( 
{  method,  it  is  said,  occurred  to  him  all  at  once,  while  in  the  bath ;  and  he  J 
i  so  transported  with  joy,  that  he  ran  naked  through  the  streets  of  [ 
\  Syracuse,  crying  out,  (Sp^.a,  iipi?™, — "I  have  found  it!  I  have  found  j 
'  The  discovery  with  which  he  was  so  deservedly  delighted  was  \ 
\ :  "  Every  body  plunged  into  a  fluid  loses  as  much  of  its  weight  as  \ 
\  is  equal  to  the  weight  of  a  quantity  of  the  fluid  equal  in  bulk  to  the  body  f 
f  plunged  in."  This  discovery  furnished  him  with  the  method  of  deter-  ) 
\  mining  the  specific  gravity  of  pure  gold  and  pure  silver.  These  being  [ 
!  known,  he  had  only  to  take  the  specific  gravity  of  the  crown,  which  \ 
\  (supposing  no  alteration  in  volume  when  the  two  metals  are  melted  to-  > 
her)  would  enable  him  to  discover  how  much  gold  and  how  much  5 
I  silver  it  contained.  X 

The  first  principle  being  known,  Archimedes  deducted  from  it  various 
other  well-known  hydrostatical   principles,  which  he  consigned  in  the  \ 
first  book  of  bis  treatise   "  de  Incidentibus  in  Fluido."     The  second  j 
book  of  that  treatise  is  occupied  with  various  dilEcult  questions  respect- 
ing the  situation  and  stability  of  certain  bodies  immersed  in  a  fluid. 

The  ancients  ascribe  to  him  the  invention  of  forty  remarkable  me-  J 
i  chanical  contrivances  ;  but  nothing  more  than  some  obscure  notices  of  J 
S  two  or  three  of  them  have  come  down  to  us.  His  sphere,  a  machine  < 
(  by  which  he  represented  the  movements  of  the  stars  and  planets,  is  one  } 
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,  of  the  most  celebrated.     It  has  been  noticed  by  grave  philosophers,  and  ) 
'5  '^y  poets,  as  may  be  seen  in  the  following  epigram  of  Claudian  :— 


Archimedes  wrote  a  description  of  tliis  machine,  under  the  name  of  i 
"  Sphferopceia  ;"  but  it  is  lost,  and  with  it  everything  respecting  the 
I  ture  of  the  sphere  has  perished. 

The  burning  mirrors,  by  which  he  is  said  to  have  set  fire  to  the  Ro-  t 
>  man  vessels  in  the  harbor  of  Syracuse,  were  Jong  considered  as  fabulous. 

But  Buffon  showed  how,  by  placing  a  number  of  small  mirrors  so  that  ) 
)  every  one  of  them  should  reflect  the  image  of  the  sun  to  the  same  point, 
'  heat  enough  might  be  produced  to  kindle  wood  at  the  distance  of  one  J 
J  hundred  and  forty  feet. 

The  protracted  defence  of  Syracuse  against  the  Romans,  chiefly  i 
sequence  of  the  wonderful  mechanical  inventions  of  Archimedes,  is  j 
j  too  well  known  to  be  enlarged  on  here. 

If  we  except  the  discoveries  of  Archimedes  in  statics  and  hydrostatics,  j 
5  hardly  any  other  branch  of  physicaJ  science  was  much  cultivated  by  the  ) 
{  ancients.     They  have  made,  indeed,  considerable  progress  in  the  knowl- 
[  edge  of  acoustics,  so  far  as  music  is  concerned.     In  optics  they  can 
f  scarcely  be  said  to  have  made  any  progress  of  consequence  ;  and,  in  as- 
l  tronomy,  very  little  till  the  time  of  Hipparchus,  who  may  be  considered  j 
s,  in  some  measure,  the  founder  of  that  sublime  science. 

Dr.  Thomson  lays  down  two  methods  by  which  the  phj  sical  sciences  j 
re  advanced:  observation  and  experiment;  and  the  apphcation  of  math- 
)  ematical  reasoning  to  deduce  new  facts  from  principles  already  estah- 
'  lished.     We  give  his  remarks  on  observation  and  expenment,  m  nhicli 
5  he  exhibits  an  analysis  of  the  theory  of  Bacon  on  this  '■ubject  — 

It  was  not  to  be  expected  that  mankind  should  at  first  make  any  rapid  5 

\  progress  in  investigating  the  laws  which  regulate  the  changes  that  take  j 

I  place  in  the  material  world.      The  objects  were  too  numerous  and  too  i 

aried,  and  escaped  his  attention  by  their  very  regularity.     Everywhere  5 

1  the  early  ages  of  the  world,  we  meet  with  descriptions  of  prodigies  J 


y  Google 


!  and  wo    lers,  while  the  regular  operations  of  nature  scarcely  attracted 
;  t  on      The  method  of  investigating  nature  by  observation  and  es- 
J  per  me  t  was  scarcely  thought  of,  except  by  two  individuals,  who,  by 
ans  of  them,  made  some  progress  in  mfechanics  and  hydrostatics,  and 
in  astronomy  :  these  were  Archimedes  and  Hipparchus,     The  mechani- 
cal di  coteries  of  Archimedes  were  slightly  extended  by  Ctesibius  and 
I  Hero  by  Anthemius,  and  by  Pappus ;  while  the  astronomical  observa- 
)  tions  beg  in  by  Hipparchus  were  continued  by  Ptolemy. 

But  It  the  revival  of  letters,  in  the  sixteenth  century,  a  spirit  of  obser- 
it  on  a  I  inquiry  awoke,  which  nothing  could  damp,  and  men  began  to 
n  into  he  secrets  of  nature,  by  the  way  of  experiment,  Galileo,  in 
I  Italy,  and  Gilbert,  in  England,  especially  the  former,  constitute  remark- 
l  able  examples  of  the  successful  investigation  by  experiment.  But  it  was 
I  Francis  Bacon,  Lord  Verulam,  who  first  investigated  the  laws  according 
ivhich  such  experimental  investigations  should  be  conducted,'  who 
!  pointed  out  the  necessity  of  following  these  laws  in  all  attempts  to  ex- 
»  tend  the  physical  sciences,  and  who  foretold  the  brilliant  success  that 
I  wbuld  one  day  repay  those  who  should  adopt  the  methods  which  he 
ited  out.  This  he  did  in  his  "Novum  Organum,"  published  in  the 
i  early  part  of  the  seventeenth  century, 

Before  laying  down  the  rules  to  be  followed  in  his  new,  or  inductive 
ifocess.  Bacon  enumerated  the  causes  of  error,  which  he  divided  into 
I  four  sets,  and  distinguished,  according  to  the  fashion  of  the  times,  by  the 
I  following  fanciful  but  expressive  names: — 

Idols  of  the  tribe  ; 
Idols  of  the  den  ; 
Idols  of  the  forum  ; 
Idols  of  the  theatre. 
The  idols  of  the  tribe  are  the  causes  of  error,  founded  on  human  na- 
ure  in  general.     Thus  all  men  have  a  propensity  to  find  in  nature  a 
(  greater  degree  of  order,  simplicity,  aad  regularity,  than  is  actually  indi- 
}  cated  by  observation.     This  propensity,  usually  distinguished  by  the 
title  of  spirit  of  system,  is  one  of  the  greatest  enemies  to  its  progress  that 
!  science  has  to  struggle  with. 

The  idols  of  the  den  are  those  that  spring  from  the  peculiar  character  j 
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)  of  the  individual.  Each  individua),  according  lo  Bacon,  has  his  own  \ 
'  dark  cave  or  den,  into  which  the  light  is  imperfectly  admitted,  and  i 
I  the  obscurity  of  which  an  idol  lurks,  at  whose  shrine  the  truth  is  often  S 
)  sacrificed.  Some  minds  are  best  adapted  to  catch  the  differences,  others  i 
}  the  resemblances  of  things.  Sorae  proceed  loo  rapidly,  otlie 
(  slowly.  Almost  every  person  has  acquired  a  partiality  for  some  branch  ) 
if  science,  to  which  he  is  prone  to  fashion  and  force  every  oilier. 
The  idoh  of  the  forum  are  those  which  arise  out  of  the  intercourse  of  ) 
I  society,  and  especially  from  language,  by  means  of  which  men  commu-  J 
'  nicale  with  each  other.  It  is  well  known  that  words,  in  some  measure, 
I  govern  thought,  and  that  we  cannot  think  accurately  unless  we  are  able  i 

3  express  ourselves  accurately.  The  same  word  does  not  convey  the 
>  same  idea  to  different  persons.  Hence  many  disputes  are  merely  verbal, 
J  though  the  disputants  may  not  be  aware  of  the  circumstance. 

The  idoh  of  the  theatre  are  the  deceptions  which  have  taken  their  rise  J 
*  from  the  systems  of  different  schools  of  philosophy.     These  errors  af- 
i  fected  the  philosophy  of  the  ancients  more  than  that  of  the  moderns.  ; 
But  they  are  not  yet  without  their  effect,  and  often  act  powerfully  upon  ( 
individuals  without  their  being  aware  of  their  effect. 

After  an   historical  view  of  science  from  its  dawn   among  the  Gn 
\  to  his  own  time,  and  pointing  out  the  little  progress  which  it  had  m; 

in   consequence   of  the  improper  way  in  which  it  had  been  cultivated,  \ 
\  Bacon  proceeds,  in  his  second  hook,  to  point  out  ihe  true  way  of  ad- 
ancing  science  by  induction. 
The  first  object  ought  to  be,  to  prepare  a  history  of  the  phenomena 
\  to  be  explained,  in  all  their  modifications  and  varieties.     This  history  is  5 

3  comprehend  not  only  all  such  facts  as  spontaneously  offer  iheraseJvf 
\  but  all  the  experiments  instituted  for  the  sake  of  discovery,  or  for  any  of  j 
\  the  purposes  of  the  useful  arts.     It  ought  to  he  composed  with  great  5 
\  care  ;  the  facts  should  be  accurately  related  and  distinctly  ar 
t  their  authenticity  carefully  ascertained,  and  those  that  are  doubtful  should  [ 

!  marked  as  uncertain,  with  the  grounds  for  the  judgment  formed. 
I  This  record  of  facts  Bacon  calls  natural  history. 

The  nest  object  is,  a  comparison  of  the  different  facta,  to  find  out  the  J 
cause  of  the  jjhenomenon. 
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The  method  of  inducuon  here  laid  dowo  is  applicable  to  all  investi- 
gatious  where  experience  is  the  guide,  whether  in  the  moral  or  Datural  J 
world. 

It  13  obvious  that  all  facts,  even  supposing  them  truly  and  accurately  J 
recorded,  are  not  of  equal  value  in  the  discovery  of  truth.  Some  of  J 
them  show  the  thing  sought  for  in  its  highest  degree,  others  in  its  lowest;  j 
some  show  it  simple  and  uncotnbined,  while  others  are  confused  with  a 
variety  of  circumstances.  Some  facts  are  easily  interpreted,  others  are  J 
very  obscure,  and  are  understood  only  in  consequence  of  the  light  thrown  J 
on  them  by  the  former.  This  led  Bacon  to  consider  the  comparative 
value  of  facts  as  means  of  discovery.  He  enumerates  twenty-seven  dif-  J 
ferent  species  ;  but  we  shall  satisfy  ourselves  here  with  noticing  a  few  of  i 
the  most  important  of  them  : — 

1.  Instantly  solitarice  are  examples  of  the  same  quality  existing  in  two  J 
bodies,  which  have  nothing  else  in  common  ;  or  of  a  quality  differing  h 
two  bodies,  which  are  in  all  other  respects  the  same. 

2.  The  instanlite  migrantes  exhibit  some  nature  or  property  of  bodies  J 
passing  from  one  condition  to  another,  either  from  less  to  greater,  or  J 
from  greater  to  less.  Thus,  glass  while  entire  is  colorless,  but  becomes  j 
white  when  reduced  to  powder. 

3.  The  instantia  ostensiva  show  some  particular  nature  in  its  highest 
state  of  power  or  energy.  In  this  way  the  thermometer  shows  the  eK- 
pansive  power  of  heat,  and  tJie  barometer  the  weight  of  air. 

4.  The  instantia  analogic^  consist  of  facts  between  which  an  anal-  5 
ogy  or  resemblance  is  visible  in  some  particulars,  notwithstanding  great  j 
diversity  in  all  the  rest.  Such  are  the  telescope  and  microscope  in  j 
works  of  art,  compared  with  the  eye  in  the  works  of  nature. 

5.  The  instantia  cruets  is  the  division  of  this  experimental  logic  ( 
which  is  the  most  frequently  resorted  to  in  the  practice  of  inductive  in-  j 
vestigation.  When,  lo  such  an  investigation,  the  understanding  is,  as  it  j 
were,  placed  in  equilibrio  between  two  or  more  causes,  each  of  which  J 
accounts  equally  well  for  the  appearances,  so  far  as  they  are  known,  S 
nothing  remains  but  to  look  out  for  a  fact  which  can  he  explained  by  the  j 
one  of  these  causes,  and  not  by  the  other.  If  such  a  fact  can  be  found,  j 
the  uncertainty  is  removed,  and  the  true  cause  becomes  apparent.     Such  j 
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feels  perform  the  office  of  a  cross,  erected  at  the  meeting  of  two  roads,  to 
direct  the  traveller  which  way  he  is  to  go.     On  thU  account,  Bacon  j 
gave  them  the  name  of  instanti<E  crucis.     Suppose  it  were  inquired  into  J 
why  metals  become  heavier  when  calcined,  various  explanations  might  ( 
be  conceived.     But  the  experimentum  cmcis  of  Lavoisier  removed  the  | 
ambiguity.     He  enclosed  a  quantity  of  tin  in  a  large  glass  vessel,  which  > 
was  hermetically  sealed.     Heat  being  then  applied,  the  tin  melted  and  | 
was  partly  calcined.     The  process  being  finished,  the  weight  of  the  glas 
and  its  contents  were  found  unchanged.     But  the  glass  being  opened, 
quantity  of  air  rushed  in,  amounting  in  weight  to, ten  grains ;  and  Uie  ti 
was  found  to  have  increased  in  weight  to  ten  grains.     It  was  obvious  j 
from  tliis,  that  by  the  calcination  of  the  tin  a  portion  of  the  air  had  b( 
absorbed,  which  had  occasioned  the  increase  of  the  weight. 

In  cases  where  an  experimenium  cruets  cannot  be  resorted  to,  there  is  \ 
often  a  great  want  of  conclusive  evidence.     This  is  the  case  in  agricut-  ) 
ture,  in  medicine,  in  political  economy,  &c.     To  make  one  experiment  j 
similar  to  anodier  in  all  respects  but  one,  is  what  die  experimeatum.  cruets 
and  the  principle  of  induction  in  general  requires.     But  this,  in  the  sci- 
ences just  named,  can  seldom  be  accomplished.     Hence  the  great  diffi- 
culty of  separating  the  causes,  and  allotting  to  each  its  due  propordon  of  \ 
the  effect.     Men  deceive  themselves  in  consequence  of  this  continually,  ! 
and  think  they  are  reasoning  from  fact  and  experience,  when  in  reality  | 
they  are  drawing  their  conclusions  from  a  mixture  of  truth  and  false- 
hood.    Facts  so  incorrectly  apprehended  only  serve  to  render  error 
more  incorrigible. 

Of  the  twenty-seven  classes  into  which  imtantite  are  arranged  by  ^ 
Bacon,  fifteen  address  themselves  immediately  to  the  understanding ; 
five  serve  to  correct  or  inform  the  senses ;  and  seven  to  direct  the  hand  i 
in  raising  die  superstructure  of  art  on  the  foundation  of  science.  The  > 
examples  which  we  have  selected  are  from  the  first  of  diese  divisions.  ? 
The  other  two  are  of  inferior  importance,  and. may  be  omitted  in  ihia  | 
imperfect  summary. 

Such  are  the  rules  laid  down  by  Bacon  for  prosecuting  the  sciences  by  J 
induction.  The  effects  which  were  ultimately  produced  by  the  "  Novum  | 
Organum"  must  have  been  very  great.     It  may  be  questioned,  indeed,  \ 
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whether  those  who  have  contributed  most  effectually  to  the  advancement 
of  the  science's,  have  rigidly  adhered  to  Bacon's  rules.  And,  in  gen- 
eral, such  a  rigid  adherence  is  unnecessary;  because  so  much  assistance 
can,  in  general,  be  derived  from  what  knowledge  has  been  already  ac- 
quired, that  a  rigid  natural  historical  detail  of  all  the  phenomena  becomes 
unnecessary.  It  was  only  in  the  infancy  of  science  that  such  details 
were  requisite.  Boyle  often  draws  them  up  in  his  inquiries  into  the 
cause  of  various  phenomena,  and  his  investigations  were  of  considerable 
use  in  forwarding  those  branches  of  science  which  he  cultivated.  Bacon 
also  was  mistaken  in  conceiving  that,  by  investigation,  mankind  may  be- 
come acquainted  with  the  essences  of  the  powers  and  qualities  residing  in 
bodies.  So  far  as  science  has  hitherto  advanced,  no  one  essence  has 
been  discovered,  either  as  to  matter  or  as  to  any  of  its  more  extensive 
modifications.  Thus  we  are  still  in  doubt  whether  heat  and  electricity 
be  quahties  or  substances.  Yet  we  have  discovered  many  important 
properties  or  laws,  by  means  of  which  heat  and  electricity,  whether 
properties  or  substances,  are  regulated.  And  from  this  knowledge, 
probably,  we  derive  as  much  advantage  as  could  be  obtained  from  a 
complete  knowledge  of  their  essence. 

By  experiment  or  observation  all  the  new  facts  in  every  science  are 
acquired.  By  the  application  of  mathematical  reasoning  to  these  facts, 
they  are  reduced  to  the  requisite  simplicity,  and  the  general  principles 
which  regulate  every  particular  science  determined. 
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— The  Tolnmea  are 


[  Action  nnd  reaction,  ti.  197-204. 

{  ^pinns,  his  works,  i.  133. 

1  Air,  elasticily  ofj  ii.  41-60;  Bubatance  ani 
color  of,  L  193;  -weiglit  of,  i.  194;  inertii 
of,i.  195i  impenetrabililyof,!.  196i  ii.31 

J  Air,  elaalicilf  and  corapressibilitr  of,  i.  198 

J       ii.  31. 

)  Air-drawn  dagger,  illusion  of,  i.  264. 

(  Air-pump,  the,  ii.  47-56,  423. 

(  Alcohol  thermometer,  ii.  138. 

S  Aldebaian,  ii.  33S. 

S  Ampere  on  electro-magnetism,  ii.  122;  his 

)       theory  of  terrestrial  moj^nctism,  ii.  123. 

j  AnalyaisoftheLeanens,  ii.  378. 

(  Anecdote  of  Napoleon,  i.  369. 

I  Animal  and  vegetable  life  sustained  by  the 
atmosphere,  i.  59. 


j  Animal  electricity,  i.  364. 

j  Annual  motion  of  the  earth,  i.  480. 

S  Annual  variation  of  the  electricity  of  the 

J      air,  ii.  154. 

)  Apparatus  for  observing   the  electricity  of 
the  atmosphere,  ii.  149,  150. 
Appearance  accompanying  meteors,  i.  460. 

S  Acago  siiowa  how  comets  may  be  made  to  as- 

j      sume  ditferent  degrees  of  brightness,  i.  517. 

j  Arago's  observations  on  silent  lightning,  i. 
552;  liis  calculation  of  the  quantity  of 
ligblnioj-  drawn  down  by  a  conductor,  ii. 


104. 


IS  and  positions  of,  ii. 


J  Arms  of  the  lever,  ii.  247. 


!tterfl  i.,  ii..  and  the  page  by  the  figures.] 
Artificial  freezing,  Leslie's  metlod  of,  ii.  171.  i 
Aitifieiai  light,  heat  of,  ii.  193. 
Artificial  magnets,  construction  of,  ii.  11_. 
Astronomical  and  arithmetical  calculations. 


Atlantic  steamers,  retrospect  of,   i.  269. 
Atlantic   steam   question,   the  project  dis-  ' 

enssed  and  reviewed,  i.  337-358.  | 

Atlantic  storms,  the  overwhelming  force  of,  I 

urged  as  an  objection  to  Atlantic  a 

voyaging,  i,  355. 
Atmosphere,  the,  i.  58-64, 193-202;  limited  ' 

height  of,  1.198;  ordinary  stale  of,  ii.  151.  , 
Atmosphereof  the  planets,  I.  60;  of  Saturn,  < 

i.  246;  of  Ceres  and  Pallas,  i.  207. 
Atmosphere,  various  states  of  (vide  Atmo-  ' 

spheric  Electricity),  ii.  149. 
Atmospheric  air,  i.  193-202. 
Atmospheric  currents  at  Jupiter,  i,  241. 

Atmospheric  electricity,  i.  137;  ii.  149- 

Atmospheric  engine  invented  byNewcomen, 

Li.  411. 
Atmosphericpressure,  i.  295,  296;   probably  \ 

first  discovered  from  the  effects  of  auction  j 

by  the  mouth,  i.  285;   the  pump  ca: 

act  in  the  absence  of  atmospheric  [ 

sure,  11,  53  ;  effects  of  atmospheric  j 

sure  at  boiling  point,  ii.  303;   upon  the  ( 

boiling  of  water,  ii.  305. 
Atmospheric  tides,  i.  409. 
Atoms,  or  molecules,  ii.  22. 
Atoms,  ultimate,  ii.  26. 
Attraction  and  repulsion  of  electric  c 

rents,  law  of,  ii.  120. 
Aurora  Borealis,  the,  i.  89-100;  the  effect  J 

of  atmospheric  electricity,  i.  137. 
Aurora,   phenomenon   of,    noticed    by  the  j 

ancients,  i.  100.  ' 

Auroral  character  of  fallia^  stars,  i.  98. 
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Ball  lightning,  i.  460,  538,  540,  548. 

J  BQlance  of  Wraion,  i.  136. 

S  Balance-wheel  ofa  watch,  ii.  267. 

(  Barking  trees,  ii.  78. 

j  Barometer,  the,  i.  285-304;  how  to  secure 
the  requLsitea  for  a  good  one,  i.  2SS ;  di- 
agonal barometer,  i.  292;  wheel  barom- 
eler,  i.  292. 

I  Barometer-gauge,  the,   ii.  49;    applied  to 
steam-engine,  ii,  506, 
irametric  column,  diurnal  variation  of  the, 
i.  410. 

(  Barton's  pislon,  ii.  488,  489.  _ 

J  Beccaria's  observations  on  electricity,  i.  Isi- 

}  Becquerel's  objections  to  Biol's  theory  of 
"  e  aurora,  i.  97;  his  experiments  in  the 

^      __gher  stratum  of  air,  ii.  157. 

<  Beer  and  Madler's  telescopic  news  of  the 
}       moon,  i.  320. 

}  Beer's  observations  on  the  planet  Mars, ). 

153. 
f  Berard's  eTperiments  on  the  subject  of  the 
5      radiation  of  heat,  i.  443. 
i  Bessel's  discovery  of  the  Parallaij  i.  589. 
;  Binary  stars,  ii.  365- 
Biot's  excursion  to   the   Shetland   isles  to 

ohserve  the  aurora,  i.  90 ;  his  theory  and 

explanation  of  it,  i.  95. 

>  Biela's  comet,  i.  425. 

i  Bituminoos  matter  accompanying  a  l^hlning 

<  discharge,  i.  551. 

S  Bladder  burst  by  atmosphenc  pressure,  ii. 

>  52;  by  elasticity  of  air,  ii.  52. 

I  Blinkensop's  patent  locomotive  engine,  ii. 

531 ;  his  patent  for  the  application  of  the 

rack  rail,  ii.  531. 
S  Blood,  globules  of  the,  ii.  25. 
i  Bine  sky,  the  cause  of,  i.  194. 
I  Boiler,  steam,  ii.  496-513. 
5  Boilers  and  their  appendices,  ii.  407, 
)  BoilioR  points  and  latent   heats   in   other 
?      liquids  than  water,  ii.  312. 
(  Boiling,  the  process  of,  ii.  298. 
S  Bread  panic  in  London,  i.  160. 
)  BreathinR,  i.  299. 
/  Brewster's  investigations  on  the  subject  of 
i      the  theory  of  colors,  l.  577, 

<  British  postoffiee  contract,  i.  341, 
J  Broken  planets,  fragments  of,  i.  206. 
)  Brunton's  self-regulating  furnace,  ii. 
)  Bnrnii^-glaes,  ii.  102. 


\  Calorific  effects  of  the  sun's  rays,  i.  490. 
(  Calorificpowersof  the  secondary  pile,  i.  377. 
{  Canton's  experiments  in  electricity,  i.  130. 
j  Capstan,  ii.  254. 
(  Captive  balloons,  ii.  104. 
(  Carriage,  centre  of  gravity  of  a,  ii.  233. 
J  Cartwrfehfs  engine,  ii.  485;  his  piston,  4S7. 
S  Castor,  ii.  342. 

(  Cavendish's  experiment  on  the  weights  of 
bodies,  i.  489. 


Celestial  globe,  uses  of,  ii.  342, 

Central  eclipse  of  the  sun,  i,  69,  83. 

Centre  of  gravity,  ii.  221-240;  how  found,  ■ 

ii.  223. 
Centrigrade  thermometer,  ii.  138. 
Ceres  discovered  by  Piaazi,  i.  206. 
Ceres  and  Pallas,  magnitude  and  appear.  , 

ance  of,  i.  £08. 
Centrifugal  force,  on  what  it  depends,  ii.  466. 
Charged  clouds,  action  of  on  light  bodies,  , 

i.  607. 
Chemical  action,  effects  of,  discovered  by 

Davy,  i.  372.  .    , 

Chemical  changes  operated  by  lightning,  ii.  , 


:.  569- 

570. 
Clairaut  applies  the  principles  of  gravitation  > 

to  Haliey's  comet,  l.  182;  his  researches,  ? 

i.l82;  predicts  the  discovery  of  the  planet  ( 

Herschel,  i.  184.  J 

Climate  and  temperature  of  places  changed  > 

by  the  presence  or  absence  of  the  atmo- 
sphere, i.  64. 
Clock,  floral,  i.  56. 
Clouds,  i.  60;  ii.  175;   character  and  elec-  , 

trie  charge  of,  i.  632. 
Clouds,  luminous,  i.  545,  546. 
Coal,  analysis  of,  ii.  493. 
Cocks  and  valves,  ii.  474. 
Cold  fusion,  Franklin's,  ii.  66. 
Cold,  supposed  rays  of,  i.  453. 
Colors,  theory  of,  i.  575-582. 
Combustion,  i.  334  i  ii.  321-328, 494;  with-  ' 

out  flame,  ii.  324 ;  of  gas  in  flues,  ii.  498.  ^ 
Combustion  and  combustibles,  supporters  of,  ( 

ii.  323. 
Combination  of  levers,  ii.  252. 
Comet,  HaUey's,  i.  171-190. 
Comets  of  1811  and  1680,  i.  523;  of  1769  ? 

and  1843,  i.  524  ;  of  1844,  i.  527 ;  r 

of  comets,  i,  173 ;  bow  they  may  b 

ognised,  i.  173. 
Comets'  dimensions  enlarged  as  they  recede  j 

from  the  source  of  heal,  i-  5. 
Comets,  periodic,  i.  423-134, 
Comets,  physical  constitution  o. 
Common  bellows,  i.  299. 
Comparative  brightness  of  the  St 


013-528.  ' 
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i.  593. 


Compression  of  steam  without  loss  of  heal,  ] 

effect  of,  ii.  310. 
Composition  and  resolution  of  force,  i.  2 

218. 
Compressibility,  ii.  29. 
Concave  reflectors,  i.  263. 
Condenser,  the,  discovered  by  Wilkie  and  ) 

^pinus,  and  perfected  by  Volta,  i.  334;  j 

ii.  59. 
Condensation,  i-  331. 

Condensation  of  steam  in  the  cylinder,ii.  421. 
Condensation,  separate,  ii.  422. 
Condensing  syringe,  the,  ii.  56,  ^ 

Conducting  bodies,  eff"ect3  of,  onlightnmg,  | 

ii,  73  ;  protection  afforded  by,  ii.  74. 
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,   Conduction  of  heat,  i.  333;  ii,  179-184. 

\  Conducting  powers  of  bodies,  ii.  181. 

)  Conic  sections,  i.  174. 

}  Conical  Talves,  ii.  475. 

C  Connecting  rod  and  erank,  ii.  459,  469. 

\  Conslellationg,  Torms  of,  ii.  332, 

S  CoQslellalion  Cassiopeia,  ii.  336. 

J  Consumption  of  steam,  Tnriation  in  the,  ii. 

'      512. 

J  Contemplation  of  liie  firmamenl,  and  tlie 

S      reflections  thereby  produced,  i.  51. 

}  Convei^iDg  and  diverging  rays  of  light,  ii. 


Cornish  system  of  inspectiM  steam-encine. 
!i.622. 
5  Corpuscular  theory  of  light,  i.  224,  231. 
J  Corcespondence  between  the  tides  and  the 
■lases  of  the  moon,  i.  21 1 ;  between  elec- 
ic  and  magnetic  varialions,  ii.  155, 
(  Coulomb  lays  the  foundation  of  electro-stat- 
(      ira,  i.  136. 

(  Coulomb's  researches  on  arliScial  maenets 
{      ii.  115.  ^ 

(  Crane;  the,  ii.  255,  261. 
S  Crowbar  and  handspike,  ii.  247. 
J  Crown  and  bevelled  wheels,  ii.  262. 
J  Cmikshank's  experiments  in  galvanism,  i 
J      370,  ' 

J  Cryophorus,  Br.  Wollaston's,  ii.  174. 
J  Crystallization  of  salts,  ii.  26. 
)  Crystals,  ii.  37. 
I  Cube,  Ibe,  ii.  224. 
J  Cunard  line  of  steamers,  i.  270,  341. 
i  Cupping,  ii.  55. 

)  Cycles  of  nineteen  years,  i.  417;   of  nint 
f      years,  i.  419. 
(  Cylindrical  cock,  the,  ii.  481. 


5  Dalton's  law  of  liquids,  ii.  166. 

!  Damper,  self-regulatJng,  ii.  513, 
Dampness,  dangerous  effects  of,  ii.  173. 

(  Dancers,  position  of,  ii.  235. 
Danger  liom  lightning  durin"  storms,   ii. 

!       101. 

J  Davy's  researches  on  (he  subject  of  galvan- 
ism, i.  371  i  his  celebrated  Bakerian  lec- 
ture; prize  awarded  him  by  the  French 
academy,  i.  379;  discovery  of  the  trans- 
ferring power  of  the  pile  in  chemical  ac- 
tion, 1,  379  i  his  eleetro-chemical  Iheory, 
i,  379.  " 

J  Day  and  night,  inequalities  of,  i.  485. 

J  Days  and  nights  of  the  planets,  i.  56, 

)  Death  of  Prof.  Richmann,  i.  120. 

)  Deceptive  oral  disk  in  the  horizon,  ii.  91. 

(  Decomposition  of  water,  i.  370;  of  distilled 

f      water,  i.  380;  of  potash  and  soda, :.  385. 

)  Deluge,  the,  was  it  produced  by  Whiston's 
comet,  i.  429;  Mosaic  account  of  the.  ii. 
77. 

J  Density,  ii.  28;  of  the  earth,  i.  490. 


Description  of  a 


,^.;,.  u.  o,un,.aa  otcn  at  Fort  Enter- 
K"^^  during  tjie  polar  voyage  of  Captain 

Dew,  ii.  175,' 

Diagonal  barometer,  i.  292,  , 

Dick's  observations  on  the  last  appearance  ? 
of  Hallej's  comet,  i.  188. 

Dilatability,  ii,  23. 

Dilatation  or  eipansion,  i.  328. 

Dip  of  the  magnetic  needle,  ii.  113. 

Dipping-needle,  invention  of,  ii,  113.  , 

Discovery  of  Ijarium,  strontium,  calcium,  and  j 
magnesium,  i.  395 ;  of  induction  by  Frank- 
lin, i.  131,  , 

Disk  of  the  snn  concealed  by  the  disk  of  the  { 

Distribution  of  the  eleclrieily  of  the  air,  ii.  ) 

156.  ^ 

Diurnal  motion  of  tlie  earth,  i.  485;  of  Ju-  i 

piler,  i.  238. 
Diurnal  rotation,  ii.  332 ;   of  the  electricilv 

of  the  atmosphere,  ii.  i53. 
Diucna!  variation  of  the  masnelic  needle. 

ii.  115. 
Diverging  and  convei^ing  rays  of  light,  i 

Dog-star,  the,  or  Sirius,  ii.  338, 

Double  stars,  ii.  351,  362,  373. 

Double-acting  engine,  ii.  448,  467,  468. 

Double  suns,  ti.  369. 

Dry  Voltaic  piles,  L  400;   dry  pile  regarded  ! 

as  on  extended  Voltaic  series,  i.  401. 
Dufaye's  experiments  in  electricity,  i.  10' 
Duty  of  a  steam-boiler,  ii.  .'520. 
Dynamics  and  statics,  ii.  243. 


Earth,  the,  i.  55,  477-498;  appearanc 

seen  from  the  moon,  i.  317;   annual  \ 
tion  of,  i.  480;   diurnal  motion  of,  i, 
5;  negntivestateofthe,  ii.  156. 

EbnUilion,  ii.  297-318. 

Echo,  the  cause  of  rolling  thunder,  i.  554, 

Eclipse,  solar,  how  formed,  i.  69. 

Eclipses,  solar  and  lunar,  i.  79-86. 

Eclipses  of  Jupiter's  moons,  i.  244. 

Ecliptic,  the,  whence  it  derives  its  name,  i.85. 

Ecliptic  limits,  i.  85. 

Effect  of  light  on  the  retina  of  the  eye,  ii. 
347. 

Effects  of  lightning,  ii.  63-82;  popular  im- 
pressions of  the  effects  of  thunder,  ii.  78 ; 

Effects  of  steam,  ii.  400,  401, 

Elastic  force,  water  raised  by,  ii.  53, 

Elastic  and  inelastic  fluids,  ii.  403. 

Elasticity    and    compressibility  of   air,    i, 
198. 


404. 
Electricity,  i,   103-140;   resinous  and  vit 

reous,  i.   108;    distribution  of  the  elec 

trieityof  thenir,  ii.  156. 
Electric  acid,  i.  379. 
Electricity,  atmospheric,  ii.  149-160. 
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I  Electric  currei 
globe,  ii.  12] 
vegetable  substar 


;ircnlating    round    the 


effefto 


Flitecid  bladder  b 
i.  52. 


j  Electrical    ejperimentB    ia    England    and 

)      Fiance,  i.  112. 

\  Electrics  and  non-electrics,  i.  105. 

5  Electric  bites,  ii.  103,  104. 

}  Electric  matter,  diachai^e  of  from  the  sur- 

)      face  of  the  earth,  ii.  78. 

(  Electric  ftnd  magnetic  variations,   correa- 

<  pondence  between,  ii.  155, 

5  Electrical  machine  of  Otto  Guericke,  i.  105. 
1  Electric  phenomena  observed  by  the  ancients, 

>  i.  103. 

\  Eleelro-chemical  theory,  i.  379. 

J  Electrical  slate  of  the  olmospbere  favorable 

J      totheproeeasof  barking  trees,  ii.  78, 

?  Electrized  clouds,  mutual  attraction  and  re- 

i      pulsion  of,  i.  533. 

(  Electroscope,  Saosaure's,  ii.  150. 

I  Electro-magnetiam,  ii.  119-128. 

?  Electro-atatics,  foundation  of  laid  by  Cou- 

(      lomb,  i.  136. 

5  Embroidery,  gilding  of,  ii.  24,  25. 

5  Emperor   Auguslua'a   sealskin   cloak   as   a 

J      lightning  protector,  ii,  100. 

i  Encl.e'3  comet,  i.  423. 

<  Engine-makers,  ii.  520. 

>  Enumeration  of  the  various  vessels  which 

have  been  employed  in  Atlantic  sleam- 
voyaging,  i-  356- 

Eqoator  and  poles,  definition  of,  i.  562. 

Eauestiian  feats  explained,  ii.  216. 

Equilibrium,  stable,  unstable,  and  neutral, 
ii.  227,331. 

Ericsson's  propeller,  i.  275;  hia  plan  of  con- 
verting a  steamer  into  a  sailing  craft,  or 
a  sailing  vesacl  into  a  steamer,  i,  278. 

Errors  of  the  sense  of  feeling,  ii.  86. 

Evaporation,  i.  331 ;  ii.  163-176. 

Evaporation  proportioned  to  horse-power,  ii. 
519. 

Evolution  of  heat  by  compreased  air,  ii.  33. 

Excitability  of  the  London  public,  i.  159. 

Expansive  action  of  steam,  ii.  436. 

Eye,  foramen  or  pupil  of,  1.54;  structure 


Fabroni's  experiments  in  galvanism,  i.  365. 
Fahrenheit's  thermometer,  ii.  138. 
;  Fallacies,  popular,  ii.  85-96. 
5  Faraday's  hypothesis  of  the  aurora,  i.  98; 
his   researches  in  electro-magnetism,  ii. 
.       123. 

5  Featsoflbefire-kingexplained,  ii,  90. 
J  Feeders,  self-regulating,  for  steam-boiler,  ii. 
J      504, 505. 

J  Felling  timber,  the  time  for,  i.  502. 
j  Figure,  ii.  21- 
J  Filtration,  ii.  28. 
J  Fire-escapes,  ii.  273. 

"irst  electric  shocks,  singular  effects  of,  i 
,       110. 
5  Fishes,  how  they  adhere  to  locks,  i-  299, 


Flame,  effects  of,  i.  138;  flame  produced  by  J 
chemical  combination,  ii.  321;  illumio-  J 
aling  powers  of  flame,  ii.  324,  ) 

Flattering-glass  explained,  i.  265.  ? 

Flat  plate,  the,  u.  225.  < 

FUes,  how  the>-  adhere  to  ceilings,  i.  299.       J 
Floral  dock,  i,  56.  ) 

Fluids,  elasticity  of,ii.32(  mechanical  prop-  i 
erties  of,  ii.  402.  J 

Fly-wheel,  the,  ii.  461.  ) 

Force,  ii.  22;  philosophy  of,  ii.  208;  single  ) 
equivalent  force,  ii.  223.  ( 

Force,  composition  and  resolution  of,  ii.  207-  ( 
218.  i 

Force  and  weight,  ii.  244.  i 

Forked  lightning,  i.  538.  ? 

Form  of  the  earth,  j.  477.  ( 

Form  and  structure  of  tlie  steam-boiler  illus-  ( 
traSed,  ii.  496.  > 

Form  and  motion  of  light,  i.  484.  > 

Form  and  rotation  of  the  sun,  i.  72.  I 

Forms  of  constellations,  ii.  332.  S 

Four-way  cock,  ii.  482.  S 

Fragments  of  broken  planets,  i.  206.  > 

Frtmklin's  attention  is  drawn  to  the  subject  J 
of  electricity,  i.  113;  his  experiments  and'  J 
letters,  i.  tl4;   his  celebrated  theory  of 
positive  and  negative  electricity,  i.  115; 
analyzes  the  phenomena  of  the  Leyden 
jar,   i.   116;    suggests   the   analogy   and  ' 
probable  identity  of  lightning  and  elec- 
tricity, i.  119;  considered  mild  and  vis- 
ionary by  the  Royal  society  of  London, 
i.  121 ;   establishes  such  identity  by  his  i 
memorable  kite  experiment,  i.   122;   his 
right  to  the  discovery  denied  by  M.Arago,  | 
i-  123;  his  claim  vindicated,  i.  124;  his  , 
cold  fusion,  ii.  66. 
Freezing  and  boiling  points,  determination  ' 

of,  ii.  136. 
Freezing  point,  i.  329. 
Friction,  probable  influence  of,  ii.  152. 
Fulcrum,  the,  ii,  247. 
Fulgnrites  and  vitrifications,  ii.  67-69. 
Fulminary  tubes,  ii.  67. 
Fusible  plugs,  ii-  511. 
Fusion  and  contraction  of  metals,  ii.  65. 
Fusee  of  a  watch,  ii.  257. 
Fusion,  the  point  of,  ii.  188. 

G. 

Galileo's  observations  of  Japiler,!.  243[ 
investigations  on  the  subject  of  at 
spheric  pressure,  i.  286. 

Galvanism,  i.  361-402. 

Galvanometer,  or  multiplier,  ii.  124. 

Galvani  an  astronomical  professor  at 
logna,  i-  362 ;  his  experiments  on  the  f 
i-  262-263;  opposed  by  Volta,  i,  364- 

Gap  in  the  solar  system,  i-  205. 

Gas.  combustion  of  in  fluea,  ii.  498. 
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>  ascertain  tlie  level  of  water  ii 

toilers,  ii.  502. 

t  Geographical  surface  of  the  planets,  i.  61. 
\  Gilbert's  discoreries  in  electricity,  i.  104. 

1b99,  the  cheapest,  but  not  the  best  mate 

rial  for  mirrors,  i.  265. 
)  Globules  of  the  blood,  ii.  25. 
?  Governor,  the,  ii.  463. 

<  Grate  and  ash-pit  for  steam-boiler,  construe 
'        ■  n  of,  ii.  499. 

i  Gravity,  centre  of,  ii.  221-240, 
)  Great  Bear,  Ii.  333. 
{  Great  comet  seen  in  1456,  i.  178. 
(  Great  frost  in  London,  i.  166. 
I  Great  power  of  steam,  Ii.  401. 
)  Great  Western  stearaship,  1.  269. 
}  Green  sea,  the  cause  of,  i.  194. 
i  Grey's  discoveries  in  electricity,  j.  ] 
J  Grey  and  Wheeler's   experiments 

tricity,  i.  106. 
}  Grotthus's  hypothesis  of  galvanism,  i.  378. 

<  Groups  of  tke  planets,  inner  and  outer,  i 


56. 


H. 


J  Hadley's  sextant,  i.  566. 

)  HalifQilineofsteamers,  i.  336. 

j  Haltey's  comet,  i.  171-190;   his  description 

(       of  a  total  eclipse  of  the  sun,  i.  S3  ;  bis  re- 

!       searches  on  the  subject  of  comets,  i.  180. 

i  Harding  discovers  Juno,  i.  206. 

)  Harris's  explanation  of  ball-lightning,  i.  541 ; 

I      his  lightning-conductors  foT  ships,  ii.  104. 

5  Has  Atlantic  steam-navigation  been  success- 

S      ful  ?  an  essay  on  the  subject,  i.  343. 

)  Hawksbee's  eiperimenls  in  electricity,  i.  105. 

\  Heat,  i.  325-334;  radiation  of,  i.  437-456; 

(      heat  evolved  by  compressed  air,  ii.  33  ;  in 

)      the  process  of  combustion,  ii.  493;  con- 

f      duction  of,  ii.  179-184. 

I  Heat  of  artificial  light,  ii.  193. 

?  Heat  and  light,  relation  of,  ii.  187-194. 

<  Heat  lightning,  i.  545. 

)  Heavens,  how  to  observe  the,  ii.  331-353; 

J       Herschel's  analysis  of,  ii.  378, 

)  Hecla,  experiment  with  the,  ii,  565. 

J  Heights,  measurement  of,  i.  287. 

J  Hemispheres,  northern  and  sonthem,  i.  562, 

I  Hemp-packed  piston,  ii.  484. 

(  Herschel,  or  Uranus,  its  diameter,  bulk,  and 

(      distance  from  the  sun,  i.  253. 

J  Herschel's  observations  of  the  planet  Mars, 

}      i.  153  ;  his  obscFvations  on  Sirins,  ii.  338; 

/      his  catalogue!  of  nebulae,  ii.  392, 

(  Il'gh  mountains  on  the  planets  Mercury  and 

j      Venus,  i.  148. 

J  Hook's  theory  of  combustion,  ii.  327. 

)  Horse-powei  of  steam-engines,  ii.  516. 

j  How  comets  may  be  recognised,  i.  173. 

}  Howard's   improvement  in  the  process  of 

(      sn gar-refining,  ii.  ITO. 

(  How  to  observe  the  heavens,  ii.  331-353. 

an  body,  temperature  of  the,  ii.  88. 
j  Hull's  patent  for  towing  ships  against  wind 
and  tide,  ii.  443. 


Humboldt's   observations  of   land-spout  in 

the  Steppes  of  South  America,  i.  600, 
Hunter's  screw,  ii.  291,  292. 
Hunting-cog,  ii,  264. 
Hydrogen  gas  in  coal,  ii.  494. 
Hygrometers,  ii.  168. 


Identity  of  lightning  and  electricity,  i.  119,  ( 

549.  ' 

Illusion  of  the  air-drawn  dagger,  i.  264. 
Image  of  an  object  in  a  plane  reflector,  i.  { 

262;  imageofthebanksofalake  or  river, 

i.  265. 
Impediments  to  motion,  ii.  34. 
Impenetrability,  ii.  2 1 ;  of  air,  i.  196. 
Incandescence,  ii.  188. 
Inclined  plane,  wedge  and  screw,  the,  ii, 

283-294. 
Imeompressibility  of  liquids,  ii.  32. 
Indicator  invented  by  Watt,  ii.  508. 
Induction  discovered  by  Franklin,  i.  131; 

induction    between  the  clouds  nnd    the  J 

earth,  ii.  72. 
Inductive  action  of  lightning,  ii.  71. 
Inequalities  of  day  and  night,  i.  485, 
Inertia  (iiirje  Action  and  Reaction),  ii.  197; 

in  a  single  body,  ii.  198;  consequence  of  > 


i.  199, 


Inb-bottles,  i,  301. 
Ink-bottle,  pneumatic,  ii.  174.  ' 

Inundations  from  subterranean  sources, ii,  77.  . 
Invention  of  the  Leyden  vial,  i.  110;   of  \ 

lightning  conductors,  i.  125. 
Invisible  rays  of  heat,  i.  439. 
Isolated  clouds  dischai^e  lightning,  i.  534. 

J. 

Juno  dbcovered  by  Dr.  Harding,  i.  206. 

Jupiter,  i.  237-244 ;  diurnal  rotation  of,  i, 
238;  belts  and  telescopic  appearance  of,  i 
i.  239;  appearance  of  the  snn  a'     ''"" 
his  satellites,  i,  243;   the  variety  of  his  J 
months,  i.  2'' ' 


Kepler  show  a  correspondence  between  the  \ 

tides  and  the  phases  of  the  moon,  i.  211. 
Knee-joint,  effect  of  the,  ii.  234. 


La  Coaronne  des  Tasses,  i.  367. 

Lalande,  i.  183. 

Land-spont  at  Montpellier,  France,  i.  699 

at  Escalades,  i.  600;  at  Marchefroid,  i 

601;  Ossonval,  L  601. 
Laplace's  experiments  in  electricity,  i.  139 

his  nebular  hypothesis,  ii.  395. 
Lardner's  experiments  on  the  Great  Western  ) 

railway  in  England,  ii.  562. 
Latent  heat,  i.  331 ;  of  steam,  ii.  300. 
Lateral  or  divided  discharges  of  light 

ii.  107. 
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I  Lateral  shock  discovered  by  Dr. Wilson,  i.  1 12. 

}  Latitude,  parallel  of,  i.  562. 
Latitudes  and  longitudes,  the,  i.  561-572; 
tow  determined,  i.  564. 

)  Lavoisier  and  Laplace's  theory  of  combus- 

(      tion,  i.  138;  ii.  326. 

J  Leather-sucker,  effects  of,  i.  299. 

(  Lepaute,  Madame,  i.  183. 

f  Leslie'sdifi'erential  thermometer,  i.  444;  his 
method  of  artificial  freezing,  ii.  171. 

I  Level  of  water  in  a  steam-boiler,  how  indi- 
cated, ii,  502. 

j  Lever  and  wheelwork,  the,  ii.  243-268. 
Lever,  tkree  kinds  of  the,  ii.  247;  reetaogn- 
lar,  ii.  250. 

{  Levers,  comhinaiion  of,  ii.  252. 

)  LexeU's  comet,  canses  of  its  appearance  and 
disappearance,  i.  427, 

/  Lejden  via],  invention  of  the,  i.  110, 

J  Light,  i.  223-234  i  velocity  of,  i.  225;  waves 
of  measured  hy  Newton,  i.  228 ;  a  pencil 
of,  i.  259 ;  %ht  of  the  sun  three  hundred 
thonsand  times  greater  than  that  of  the 
moon,  i.  63 ;  light  of  comets,  i.  515. 

(  Light  and' heat,  uniform  supply  of,  i.  53; 

J      relations  of,  i.  234. 

)  Light  and  sound,  alliance  between,  i.  230. 

J  Lightning,  Iheeffeclsof.ii.  63-82;  protec- 
tion from,  ii.  99-108;  forked,  zigzag, 
sheet,  and  ball,  i.  538;  rising  from  the 
earth  like  a  rocket,  ii.  78,79;  from  the 
ashes,  emoke,  and  vapor  of  volcanoes,  i. 
535. 


[  Lighlnjnit  and  electricity,  identity  of,  i.  118, 
122,  549. 

I  Limbs  of  animals  eoncidered  as  levers,  ii. 

f      248. 

i  Limited  height  of  t&e  atmosphere,  i.  198. 

i  Line  or  lines  of  least  resistance,  ii.  108. 

>  Liquids  notabsolutelyincompressible,  ii.  32; 

?      non-conductors,  ii.  183. 

:  Living  body  a  conductor  of  electricity,  ii. 
101. 

1  Locomotive  ei^ne,  the,  Ii.  528 ;  experimental 
trial  of  on  the  Liverpool  and  Manchester 
railway,  it  535;  progressive  improve- 
ment of,  ii.  537;  description  of  the  ten- 
der, ii.  543 ;  power  of  Uie  locomotive,  ii. 
554. 


}  London  water  and  air  panic,  i.  160. 

I  Longitude,  how  determined,  1.  567. 

c  Looking-glass,  effects  of  the,  analyzed,  i. 

(       264. 

j  Leper's  propeller,  i.  278. 

)  Loss  of  steam-power,  sonrces  of,  ii.  518. 

{  Lottin's  observations  of 'he  aurora  at  Bosse 

kop,  on  the  coast  of  West  Finmark,  it 

1838-'39,  i.  91. 
[  Lower  stratum  of  air,  character  cf,  ii.  156. 
[  Lnminiferous  ether,  i.  224. 


Luminous  coating  of  the  sun,  its  thickness  } 

measured  by  Hersehel,  i.  75. 
Luminous  rain,  ii.  81. 
Luminous  sleet,  ii.  82. 

spots  on  the  dark  hemisphere  of  J 

the  moon,  i.  83. 
Lunar  attraction,  theory  of,  i.  410. 

Lunar  influences,  i.  501-510. 
Lunar  mountains,  heights  of,  i.  319. 
Lunar  surface,  physical  condition  of,  i.  J 

M. 

Machines,  mechanic  powers  of,  ii.  245. 
Midler's  observations  and  telescopic  vii 

of  Mars,  i.  153;   his  telescopic  view 

Jupiter,  i.  241. 
Magdeburgh  hemispheres,  the,  ii.  54. 
Magnetic  attraction,  ii.  lli ;  known  to 

ancients,  ii.  112;   laws  of  discovered  by  < 

Coalomb,  ii.  114. 
Magnetic  effects  of  lightning  {vide  electro-  , 

magnetism),  ii.  122. 
Magnetic  equator,  ii.  116, 
Magnetic  meridian,  ii.  Ill, 
Magnetic  needle,  dip  of  the,  ii.  113. 
Magnetic  polarity,  ii.  Ill,  112. 
Magnetic  poles,  oorthern  and  southern,  : 

116. 
Magnets,  artificial,  method  of  mailing,  ii.  11 
Magnetism,  ii.  ni-!16i  inflnence  of  heat  I 

upon,  ii.  115. 
Magnetbm,  electro,  ii,  119-128. 
Magnetizing  power  of  the  electric  current  at 

different  distances,  iL  126. 
Magnitude,  ii.  20;  magnitude  of  the  sun,  i. 

69;   change  in  the  sun's  magnitude  im- 
possible, L  481;  magnitude  of  the  earth, 

i,  479;  of  the  stars,  i.  592. 
Major  planets,  the,  1.  237-256. 
Malus's   discoveries   ia   the  philosophy  of   ( 

light,  i.  2""  ' 

Mars,  his  distance  from  the  earth,  diurnal  ) 

rotation,  Slc,  i,  151 ;  his  atmosphere  a 

physical  constitution,  i.  152;  has  he  a  si 

ellite?  i.  153  ;   appearance  of  the  sun 

Mars,  i.  155. 
Masses  of  metal  melted  by  lightning,  ii.  E 
Maskelyne's  eiperiments  on  the  weights  of  ) 

bodies,  i.  487,  488. 
Matter  and  its  physical  properties,  i. 

38;    matter    incapable    of   sponta 

change,  ii.  33. 
Measurement  of  heights,  i,  296,  297. 
Mechanical  effects  of  lightning,  ii.  6! 

steam,  ii.  436,437;  mechanical  force  of  \ 

steam,  ii.  419. 
Melting  and  boiling  points,  i.  329. 
Mercurial  thermometer,  ii.  152. , 
Mercury,  its  diameter,  bulk,  &c.,  i.  143. 
Mercury  and  Venus,  their  diurnal  motion, 

Esasons,  climate,  and  zones,  ii.  145,  146; 

their  orbits  and  transits,  geographical  sur- 
face, &c.,  147-150. 
Meridian  of  a  place,  i.  562. 
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Meridian,  standard,  i.  HGS. 

Metallic  contact,  accidental  discovery  of  the 

effects  of,  i.  363. 
Metallic  pistona,  ii.  485. 

J  Metallic  leflectOTS,  i.  265. 

es,  the  drainage  of,  ii.  441. 

\  Meteor  nt  Dreui:  and  Mantes  in  France,  i. 
eOl ;  meteor  seen  and  described  liy  Pel- 
tier, i.  602;  meteor  of  November,  1833,  i. 
466 1  of  August,  1838,  i.  469. 

}  Meteoric  phenomena,  various  instances  of, 
i,  474, 

I  Meteoric  stones  and  shooting-stars,  i.  459- 
474. 

)  Micrometer,  description  of^  ii.  352. 

J  Mictomeler-screw,  ii.  293. 

(  Micrometric  wire,  ii.  24. 

<  Milky-way,  the,  ii.  378. 

}  Minor  planets,  the,  i.  143-J56. 

'  Molecules,  or  atoms,  ii.  22. 

I  Moon,  the,  i.  307-322. 

i  Moon  and  the  weather,  i.  405-420. 
Moan's  influence  on  the  tides,  i.  212;  on 

the  weather,  i.  315. 
Moonlight, ii.  193;  physiealqua]itiesof,i.312, 

j  Motion  of  comets,  i.  173 ;  motion  not  esti- 
mated hy  speed  and  velocity  alone,  ii.  199- 
201 ;  motion  absolute  and  relative  illus- 
trated, 11.218. 

(  Motion  and  pressure,  ii.  307. 
"    rison's  weather  almanac,  i.  165. 

i  Mosaic  account  of  the  Deluge,  ii.  77. 

I  Mountain  Tycbo,  appearance  of,  i.  319. 

(  Mountains  of  the  moon,  i.  318. 

J  Multiplier,  or  galvanometer,  ii.  124. 

)  Mutual  attraction  or  repulsion  of  electrized 
clouds,  i.  533. 

j  Murray's  slides,  ii.  476. 

N. 

)  Napoleon's  invitation  to  Voita  to  visit  Paris, 
^       ■367;  his  liherality,  i.  368. 
i  Neap  tides,  L  215. 

J  Nebulte  and  clusters  of  stars,  ii.  383  ;  neb- 
nte  in  the  constellation  of  the  Swan  and 
the  Great  Bear,  ii.  384,  385;  nebulte  re- 
solvable  into  stars,   ii.  367;   nebula:  in 
Orion,  Ii.  388;   catalogue  of  nebnlEB,  ii. 
392;  planetary  nebulEe,  ii.  395. 
5  Nebular  hypothesis  of  Laplace,  ii.  395. 
J  Nebulosity,  the,  i.  519. 
\  Negative  state  of  the  earth,  ii.  156. 
)  Needles  and  steel  bars  magnetized  by  means 
of  the  electric  currents, "ii.  121. 
Newcomen  and  Cawley's  patent  for  an  en- 

gine,ii.41l. 
Newcomen's  conception  of  the  atmosphenc 

engine,  ii.  411. 
Norman  discovers  the  dip  of  the  magnetic 

needle,  ii.  113. 
New  metals:    potassium,  sodium,   barium, 

slrantium,  calcium,  &c.,  i.  395. 
New  planets,  the,  i.  205-308. 
Newton's   speculations  on   the  subject   of 
comets,  i.  179,  425  ;  his  researches  on  the 


Paddle-wheels  of  steamboats,  ii.  255;   de- 
fects of  common  ones  for  Atlantic  s 
navigatioj  , 

PaUtzch,  a  peasant  near  Dresden,  first  dia-  I 
Halley's  comet  on  its  reappeara 
i.  184. 

Pallas,  i.  206,  208. 

Papin  produces  a  vacuum  by  the  condensa- 
tion of  steam,  ii.  441. 

wind  and  tide,  ii.  442. 
Parallax,  the  annual,  ii.  365. 
Parallel  forces,  ii.  221. 
Parallel  of  latitude,  i.  562. 
Parallel  motion,  ii.  454. 
Parallelogram  of  forces,  ii.  2( 
Paralonnerres,   or  lightning  ■ 

Paschal's  experiment  o 
Pegassus,  ii-  341. 

sure,  i.  287. 
Peltier's  experimental  illustration  of  the  i 
ofwaterandlandsponls.i.  605.  } 
Pendulum,  the,  ii.  265;  illustrated  and  e 

plained,  ii.  266. 
Perihelion  and  aphelion,  <■  482. 
Period  and  orbit  of  Encke's 

424;  of  Biela's  Comet,  i.  426. 
-    ■   "■  ■   423-434. 

Periodic  motion' of  double  stars,  u.  367. 
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S  Periodic  slara,  ii.  358. 

(  Permuaent  gases,  nature  of,  ii.  315. 

(  Phases  of  llie  moon,  i.  309. 

J  PhUosophy  of  force,  ii.  208, 

)  Phosphorescence,  ii.  194. 

>  Physical  constitution  of  comets,  i.  513-528; 
(       of  Mara,  i.  152. 

j  Fiazzi  discovera  Ceres,  i.  206. 

J  Pion,  ii.  336. 

J  Piston,  application  of  the,  to  stcam-eagine 

)       illustxateii,  ii.  4S6. 

<  PistoBS,  ii.  484;  metallic  pistons,  ii.  485. 

)  Piston-rod  and  beam,  connexion  of,  in  dou- 

5      ble-acting  engine,  ii.  453-45T. 

(  Plan  of  (he  working  machinery  of  an  engine, 

)  Planes  of  cleavage,  ii.  2T. 
S  Planetary  nebulie,  ii.  391. 
;  Planets,  are  they  inhabited?  i.  52;    their 

lalogy  to  the  earth,  i.  53. 
5  Planet  Herschel,  discovery  of  predicted  by 
Clairaul,  i.  184. 
Plug-frame,  ii.  415. 
i  Plurality  of  worlds,  i.  51-64, 
(  Pneumatic  trough  in  the  chemical  laboratO' 
J      ries,  i.  302. 

J  Pointed  and  blunt  lightning  conductors,  ii.  104. 
\  Pointers,  the,  ii.  334. 

ison's  analytical  works,  i.  139. 

>  Polarity  of  the  magnet,  illustrations  of,  ii.  113. 
"  ■  !-star,  the,  ii.  332. 

[  Pontecoulant  predicts  a  third  appearance  of 

HaUey's  comet,  i.  186. 
J  Pools,  disappearance  of,  i.  607. 
i  Popular  fHllacies,  ii.  85-96. 
J  Popular  impressions  respecting  the  effects 

of  thander,  ii.  78. 
!  Porosity,  ii.  28 ;  all  bodies  have  pores,  ii.  29, 

>  Positive  and  negative  electricity,  i,  115. 

t  Potash  and  soda,  decomposition  of,  i.  3S5. 
!  Powder-magazines,  lightning  conductors  for. 


.  106. 


i  Princ 


tides,  i.  216. 


<  Principle  of  heat,  most  ordinary  sources  of, 
J       ii.  183,  184. 

)  Principle  of  the  steam-engine,  ii.  314. 
{  Prism,  the,  i.  577. 
j  Prismatic  spectrum,  the,  i.  438,  B77. 
(  Procyon,  ii.  338. 

I  Prognostications    of   the  weather   by   the 
)       ancients,  i.  406. 
t  Proper  motions  of  the  stars,  ii.  370. 
5  Proportion  of  the  diameter  to  the  stroke  of 
the  cylinder  of  steam-engine,  ii.  621. 

Prospects  of  steam-navigation,  i.  269-282. 
j  Protection  from  lightning,  Ii.  99-108. 

Pulley,  the,  ii.  271-280. 
>  Pulsations  of  the  eye,  i.  230. 


3 ugh  the  pores  of 


Racfcrai!,  ii.  531. 

Radiation,  i.  333. 

Radiation  of  heat,  i.  437-456. 

Radiation,  reflection,  and  absorption  of  heat,  ) 


RaUways,  ii.  527. 

Rain,  luminous,  ii.  SI. 

Range  of  the  tides,  i.  218,  219. 


Rays  of  Kght,  diverging  and  ci 


Reflection,  irregular,  i.  2© 

faces,  i.  260 ;  its  laws,  j 

surface,  i.  263. 
ReflecUon  oflight,  i.  259-S 

265. 

Eeiiectors,  concave  and  convex,  i.  263. 
Refraction  at  plane  surfaces,  i.  576. 
Refraction  of  a  ray  of  light,  i.  575. 
RegDlus,  ii.  338. 

Relation  of  heat  and  light,  ii.  187-194. 
Relative  brightness  of  the  stars,  ii,  346. 
Resinous  electricity  discovered  by  Ditfaye, 

i.  108. 
Resistance  prodnced  by  friction,  ii.  262 ; 

peri  men  ts  on  resistance,  ii.  263. 
Rest  and  motion,  i.  361, 
Reviews  of  the  opinions  of  the  English  p. 

on  the  Atlantic  steam-navigation  question,  ] 

Revolving  shafts  in  spinning  machinery,  ii.  i 

259. 
Richmann,  death  of,  i.  126. 
Rigel,  ii.  336. 

Hitler's  secondary  pile,  i.  376. 
Roads  regarded  as  inclined  planes,  ii.  284. 
Rolling  thunder  caused  by  echo,  i.  5M. 
Rotatory  motion  of  the  planets,  i.  56. 


;  of  liquids,  i. 


Sabine's  observations  of  luminous  clouds,  i 
547. 

Safety-valve,  the,  ii.  511. 

Sails,  crystallization  of,  ii.  26. 

Sand  fused  by  arliflcial  heal,  ii.  69. 

Satellites  of  Saturn,  i.  251. 

Saturn,  his  diumoi  rotation,  i,  245: 
mosphere  and  rings,  i.   246;   when  1 
rings  will  be  visible  at  the  earth,  i.  249;  J 
his  satellites,  i.  251 ;  variety  of  hia  months, 
i.  251. 

Saassure's  electroscope,  ii.  J50. 

Savery's  eni;ine,  ii.  405. 

Sawmill  at  Southampton,  England,  ii.  259. 
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J  Self-regnlating  feederg  for  a 

>      504. 

<  Self-regnlating  damper,  ii.  5 

J  SenEntions,  ii.  19. 

)  Senses,  fallacioua  indications  of  the,  i! 

se  of  feeUng,  errors  of,  ii.  Se. 
?  Seward's  slides,  ii.  479. 

dow  of  the  earth,  i.  80;   of  the  n 


}  Sheet  li;;htning:,  i 


!  Silent  lightning,  i.  545. 

)  ^gle-acting  engine,  ii.  428. 

t  Single  cock,  the,  ii.  481. 

(  Single  clack-valve,  the,  ti. 

S  Siphon^auge,  the,  ii.  49. 

'  "■  ■        ir  the  Dog-star,  ii.  ; 


{  Slide-valves,  ii.  476. 
J  Smeaton's  tackle,  ii.  275. 
)  Smelling,  deceptions  of,  ii.  95. 
Soap'buhbles,  thicliness  of,  ii.  24. 
Solar  eclipse,  i.  83. 

Solar  system,  the,  i.  53,  172;  ii.  239 ;  mo- 
tion of,  ii.  371. 
Solomon's  temple  snppoaed  never  to  have 

been  struck  with  lightning,  ii.  106. 
Sound  and  light,  alliance  between,  i.  230. 

■  '  e  transmitted  in  the  absence 


ofai 


.   i.  56. 
e  beyond  the  limits  of  the  solar  system, 

i.  585. 

anish  bartons  explained,  ii.  277,  278. 
S  Specific  heat,  i.  332. 
?  Spectrum,  the,  how  produced,  i.  578. 
f  Speed  of  lightning,  i.  541. 
(  Spheroidal  form  of  the  earth  proved,  i.  495- 
(      498. 
)  Spheroid,  oblate  and  prolate,  ii.  224. 


)  Spontaneous  motion,  ii.  36. 
:s  on  the  sun,  i.  73. 
,    ng  tidea,  i.  215. 
f  Spur-wheels,  ii.  262. 
Stara,  immense  distance  of  the,  i.  5S9;  dif- 
ferent magnitadea  or  orders  of  stars,  i. 
590-592;   relative  brightness  of,  ii.  346; 
donble  stars,  ii.  351,  365,373;   periodic 
stars,  ii.  358;    temporary  stars,  ii.  360; 
binary  stars,  ii.  365;  the  visible  stars,  i. 


)  Stati< 


i.  350. 
3  and  dynamics,  ii.  243. 
I,  elasticity  of,  ii.  306:  compresaion  of 
tm  without  loss  of  beat,  ii.  310;  great 


n-vessels  for  national  defence,  i 
Steelyard,  the,  ii.  250. 
Stellar  universe,  the,  ii.  357-396. 
Stephenson's  engines  at  Killingworth,  ii. 
Storm  converted  into  a  land-spoot,  i 
Storm-clouds,  height  of,  i.  536. 
Straight  wand,  the,  ii.  225. 
Straps  or  cords^  " 
Subterranean  s 


Suction-pipe,  the,  ii.  407. 

Sugar-refining,    Howard's   improvement  i 

the  process  of,  ii.  170. 
Sulphureous  odor  developed  by  lightning,  i 


Suizer's  experiment  in  galvanism,  i.  364. 

Sun,  the,  i.  67-76  j  magnitude  of  (he  sun,  i, 
69  ;  its  density,  form,  and  rotation,  i.  72 ; 
central  eclipse  of  the  snn,  i.  83  ;   sun's  in- 
fluence at  Venus  and  Mercnry,  i.  149;  ita 
appearance  at  Mars,  i.  155 ;  it  is  the  com- 
mon centre  of  the  planets,  i.  172;   sun's 
influence  on  the  tides,  i.  214;   combined  ' 
influence  of  the  Eun  and  moon,  i.  216;  the    ' 
sun's  appearance  as  aeen  from  Jupiter,  i.  / 
242;    as  seen   from  Saturn,   i.   245,246;  i 
calorific  efl"ects  of  the  sun's  rays,  i.  490  ;   ' 
horizontal    appearance   of   the   sun  and  ', 
moon,  ii.  91;  heatof  the  sun's  rays,  ii.  193.   ; 

Sun-and-planet  wheels,  ii.  447.  i 

Supporters  of  combustion  and  combustibles,  i' 
ii.  323. 

Supposed  rays  of  cold,  i.  453. 

Surface  of  the  planets,  i.  61. 

Sword  and  belt  of  Orion,  ii.  336. 

Symmer's  theory  of  electricity,  i,  135. 

Syringe,   the   exhausting,  ii.  41 ;    the  ( 
densing  syringe,  ii.  56. 

Systems  of  palleys,  ii.  274. 


Table  showing  the  temperature  at  which  . 
water  will  boil  under  different  pressures  i 
of  the  atmosphere,  ii.  305  ;  table  exhibit-  ' 
ing  the  mechanical  power  of  water  c 
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Terled  into  steam  at  various  pressures,  ii. 
517;  table  showing  the  improTement  of 
Cornish  engines,  ii.  523 ;  table  of  observa- 
tions on  the  height  of  atorm-clouds  by  M. 
Arago,  i.  537. 

S  Tacking  a  vessel,  process  of,  ii.  215. 

\  Tails  of  comets,  i.  521. 

e,  deceptions  of,  ii.  95. 

J  Teeth  of  wheels,  ii.  259. 

S  Telescope,  limited  powers  of,  i.  51 ;  anable 
lo  magnify  a  star,  i.  592 ;  philosophy  of 
the  telescope,  ii.  346 ;  effect  on  fixed  stars, 
ii.  346. 

J  Telescope,  astronomical,  i.  480. 

)  Temperature  of  the  sun'a  surface,  i.  75. 

?  Temporary  stars,  ii.  360. 

(  Terrestrial  attraction  the  combined  action 
of  parallel  forces,  ii.  222. 

}  Terrestrial  magnetism.  Ampere's  theory  of, 

I      ii.  124,  (25. 

i  The  earth,  i.  477-498. 

5  Theorem  regulating  pressure  and  motion,  ii. 

i       212. 

(  Theory  of  colors,  i.  575-582. 

(  Thermometer,  the,  1.  329}  it.  131-146. 

<  Thermometer,  mercurial,  advantages  of,  ii. 

J       132. 

j  Thermo-electricity,  ii.  126, 

J  Thermo-electric  pile,  ii.  127. 

I  Thenno-electric  scale  of  metals,  ii.  127. 

5  Thiottle-valve,  ii.  462. 

5  Thunder,  i.  647-549 ;  distance  at  which  it 
may  he  heard,  i.  553;  cause  of  thunder, 
i.  554;  popular  impressions  respecting  the 
effects  of  thunder,  ii.  78. 

}  Thunder-bursts,  i.  545. 

J  Thunder-clouds,  common,  i.  532. 

;  Thunder-storms,  i.531-.^58. 

;  Tidal  wave,  the  great,  i.  217. 

f  Tides,  the,  i.  211-220;  correspondence  be- 
tween the  tides  and  the  phases  of  the 
moon,  i.  211 ;  the  moon's  influence  on  the 
tides,  1.212,213;  the  sun's  influence,  i. 
214,  215  J  combined  influence  of  the  sun 
and  moon,  i.  216;  velocity  of  the  tides,  i. 
218;  range  of  the  tides,  i.  218,  219. 

(  Timeorday,howfoundonland,i.  567,668; 

J      at  sea,  i.  569. 

5  Tints,  variety  of,  how  produced  by  the  sim- 
ple component  colors,  i.  581. 

!  Toaldo,  the  meteorologist,  i.  418. 

i  Toothed  wheel,  the,  ii.  292,  293. 

5  Torrieelli,  a  pupil  of  Galileo,  discovers  at- 

J  Total  eclipse  of  the  sun,  Halley's  description 

J  Transferring  poweroftheVollaic pile,!. 379. 
)  Transmission  of  sound,  i.  553. 
)  Transparent  and  opaque  bodies,  i.  450. 
f  Treadmill,  the,  ii.  255. 
(  Turning-lathe,  the,  ii.  248. 
5  Twilight  at  Venus  and  Mercury,  i.  150. 
J  Two-way  cock,  ii.  482. 
U. 


Vacuity  between 

i.  586, 
Vacuum,  maxim  of  the  ai 
abhors  s 

be  produced, 
produced  by  the  condensation  of   ( 
L,  ii.  441. 
Valves  of  double-acting  engines,  ii. 
Valves,  slides,  and  cocts,  ii.  474. 
Vapor,  condensation  of,  ii.  313. 
Vaporization,  i.  331;  ii.  299. 
Vaporization  and  condensation,  ii. 
Variable  stars,  how  to  observe  then 
pressure,  i 
of  the  magnetic  needle,  ii.  113. 
Variations,  local,  of  the  electricity  of  Ihe  J 

Velocity  of  the  tides,  i.  218. 

Vent-peg,  the,  i.  300. 

Venus,  its  diameter,  position,  1 

Vernier,  the,  for  noting  very  small  changes  ) 

in  the  barometer,  i. 
Vesta,  i.  207. 
Visible  St      ,       . 
Vision,  theory  of  illustrated  by  a  rotating  ) 

disk,  i.  542;  deception      "    '  '        ' 

range  of  vision,  u.  357. 
Vitreous  electricity  discovered  by  Lufaye,  i 

108. 
Vitrifications  and  fulgur 
Volcanic  lightning,  i.  53o. 
Volcanic  thnnder-clouds,  i.  535. 
Volta's  eiiperiments  in  electricity,  i.  138;  J 

his  theory  of  contact,  i.364!  oftheor'  ' 

of  atmospheric  electricity,  ii.  151. 
Voltaic   pile,    invention   of,   *.c„   l.    3 

physical  effects  of  the  pile,  i.  368;  e 

mological  effects,  i.  368;  mode  of  act 


Wagon-boiler,  the,  for  steam-engine,  ii,  496. 

WaUting  engine,  ii,  532, 

War-steamers,  i.  2S0. 

Waste  steam,  resistance  of  the,  ii.  554. 

Water,  decomposition  of,  i.  370;  waterraised  ^ 

by  elastic  force,  ii.  53. 
Water-spouts  and  whirlwinds,  i.  699-608;  < 

spouts  witnessed  by  Capt.  Beechy,  i.  t 
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,     .  ....T-wheels,  ii.  255. 

>  Watch,  general  view  of,  ii.  267. 

\  Watch-spring,  ii.  257. 

^  Watson   and  Eevia's   experiments  in   elec- 

5  Watt's  inTcnliona  and  improvements  in  the 
steam-engine,  ii.  433-440;  his  air-pump, 
ii.  433 ;  his  eEperimental  apparatus,  ii. 
425;  his  first  patent  for  a  steam-engine, 
ii.  428;  Lis  steam-indicator,  ii.  508;  hJs 
counter  for  the  eteam-enrine,  ii.  510. 

\  Weather  almanacs,  i.  159-168. 

(  Waves  of  light,  minuteness  of,  i.  229. 

J  Wedce,  the,  ii.  287. 

f  Wedge,  screw,  and  inclined  plane,  ii.  283- 

?       294. 

(  Weight  of  air,  i.  94;  of  the  earth,  i.  487. 

)  Weight  and  force,  ii.  244. 

)  Wells's  theory  of  dew,  i.  458. 
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THE  PLURALITY  OF  WORLDS. 


When  we  walk  forth  on  a.  serene  night  and  direct  our  view  to  the  aspect  i 
)  of  ihe  heavens,  there  are  certain  reflections  which  will  present  theraselve 
(  every  mind  gifted  with  the  slightest  power  of  contemplation.      Are  those  \ 
)  shining  orbs  which  so  richly  decorate  the  firmament  peopled  with  creati 

mdowed  like  oursekea  with  reason  to  discover,  with  sense  to  love,  and  with  S 
)  imagination  to  expand  toward  their  limitless  perfection  the  attributes  of  Him  { 
<  of  "  whose  fingers  the  heavens  are  the  work  1"    Has  He  who  "  made  man  lo 
/  than  the  angels  to  crown  him,"  withtheglory  of  discovering  that  light  in  which  t 
(  he  has  "  decked  himself  as  with  a  garment,"  also  made  other  creatures  with  J 
j  like  powers  and  like  destinies ;  with  dominion  over  the  works  of  his  hands,  • 
i  and  having  all  things  "  put  in  subjection  under  their,  feet  V     And  are  those  re- 
)  splendent  globes  which  roll  in  silent  majesty  through  the  measureless  abysses 
J  of  space,  the  dwellings  of  such  beings  ?     These  are  questions  which  will  be  \ 
^  asked,  and  which  will  be  answered.     These  are  inquiries  against  which  nei- 
ir  the  urgency  of  business  nor  the  allurements  of  pleasure  can  block  up  the  ) 
iiiues  of  the  mind.     These  are  questions  liiat  have  been  asked,  and  that  J 
vill  continue  lo  he  asked,  by  all  who  view  the  earth  as  an  individual  of  that  [ 
i  cluster  of  worlds  called  the  solar  system. 
Those  whose  information  on  topics  of  this  nature  is  limited,  would  be  prompt-  ', 
n  seeking  the  satisfaction  of  such  inquiries,  lo  look  immediately  for  direct  J 
S  evidence ;    and   consequently  lo  appeal  to  the  telescope.      Such  an  appeal  \ 
{  would,  however,  be  fruitless.     Vast  as  are  the  powers  of  that  instrument,  and  J 
S  great  the  improvements  which  have  been  conferred  upon  it,  it  still  falls  infi- 
lely  short  of  the  ability  to  give  direct  evidence  on  such  inquiries.     What  j 
ill  a  telescope  do  for  us  in  regard  to  the  examination  of  the  heavenly  bodies,  i 
indeed  of  any  distant  object  ?     It  will  accomplish  this,  and  nothing  mo 
f  it  will  place  us  at  a  less  distance  from  the  object  to  which  we  direct  our  vii 

"■■.  enable  us  to  approach  h  within  a  certain  limit  of  distance,  and  to  behold  i 
fe  should  do  without  a  telescope  at  the  lesser  distances.     But,  strictly  / 
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speaking,  it  cannot  accomplish  even  ihis  ;  for  lo  suppose  it  did,  would  be  to 
imagine  It  lo  possess  all  the  admirable  optical  perfection  of  the  eye.  That 
mstrument,  however  nearly  it  approaches  the  organ  of  vision  in  its  qualities, 
IS  still  deficient  in  some  of  ihe  attributes  which  have  been  conferred  upon  the 
eje  by  its  Maker.-  It  is  found  that  in  proporiion  as  we  augment  the  magnify- 
ing power  of  the  telescope,  we  diminish  both  the  quantity  of  light  upon  the 
object  we  behold,  and  also  the  distinctness  of  its  features  and  outlines.  These 
and  some  other  circumstances  peculiar  lo  the  telescope,  which  need  not  be 
particularly  detailed  now,  impose  a  limit  on  the  magnifying  powers  that  are 
practically  available  in  inquiries  of  this  kind. 

Let  us,  however,  suppose  that  we  could  resort  to  the  use  of  a  telescope  hav- 
ing the  magnifying  power  of  a  thousand  in  examining  any  of  the  heavenly 
bodies  :  what  would  such  an  instrument  do  for  us  ?  It  would  in  fact  place  us 
a  thousand  times  nearer  to  the  object  that  we  are  desirous  to  examine,  and  thus 
enable  us  to  see  that  object  as  we  should  see  it  at  that  diminished  distance 
without  a  telescope  at  all.  Such  is  the  extent  of  the  aid  which  we  should 
derive  from  the  telescope.  Now,  let  us  see  what  this  aid  would  effect.  Take 
the  case  of  the  moon,  the  nearest  body  in  the  universe  to  the  earth.  The  dis- 
tance of  that  object  is  about  240,000  miles  ;  the  telescope  would  then  place  us 
about  240  miles  from  it.  Could  we  at  the  disUnce  of  240  miles  distinctly,  or 
even  indistinctly,  see  a  man,  a  horse,  an  elephant,  or  any  other  natural  object  ? 
Could  we  discern  any  artificial  structure  t  Assuredly  not !  But  take  the  case 
of  one  of  the  planets.  When  Mars  is  nearest  to  the  earth,  iis  distance  is 
about  .^0,000,000  of  miles.  Such  a  telescope  would  place  us  at  a  distance  of 
50,000  miles  from  it.  What  object  could  we  expect  to  see  at  60,000  miles' 
distance  ?  The  planet  Venus,  when  nearest  the  earth,  is  at  a  distance  some- 
thing less  than  30,000,000  of  miles,  but  at  that  distance  her  dark  hemisphere 
is  turned  toward  us  ;  and  when  a  considerable  portion  of  her  enlightened  hem- 
ible  her  distance  is  not  less  than  tint  of  Mars     All  the  other  plan- 


s  the 


ff   d 


needless  here  I 


lie  infinitely 

add  anyth  p  n 

It  is  pl         h        h       h    tel        p  ff   d      y  d     ct  evidence  on 

the  questi      wh    h       h    pl      ts  lik      1  h  h  b     d  globes.     Yet, 

although  s  h  d  hi        ons,  it  has  sup- 

plied a  body    1  mnid  bangph         fn  extremely  in- 

teresting n  "Mdd  yl  11       d  ha  mass  of  facts 

connected w  h  h    po  dm  h    phy       1   h  and  conditions, 

and  the  p  rt    pl  J  d        h        1       j      m  by  h  1  gl  b  s  of  which  that 

system  is  composed,  which  forms  a  body  of  analogies  bearing  on  this  inquiry, 
even  more  cogent  and  convincing  than  the  proofs  on  the  strength  of  which  we 
daily  dispose  of  the  properly  and  lives  of  our  fellow-citizens,  and  hazard  out 
own. 

In  considering  the  earth  as  a  dwelling-place  suited  to  man  and  to  the  crea- 
tures which  it  has  pleased  his  Maker  to  place  in  subjection  to  him,  there  is  a 
mutual  fitness  and  adaptation  observable  among  a  muhitude  of  arrangements 
which  cannot  be  traced  to,  and  which  indeed  obviously  cannot  arise  from,  any  ; 
general  mechanical  law  by  which  the  motions  and  changes  of  mere  material  | 
masses  are  observed  to  be  governed.     It  is  in  these  conveniences  and  luxuries  1 
with  which  our  dwelling  has  been  so  considerately  furnished,  that  we  see  the  I 
beneficent  intentions  of  its  Creator  more  immediately  manifested,  than  by  any  i 
great  physical  or  mechanical  laws,  however  imposing  or  important.     If-^having  ( 
a  due  knowledge  of  our  natural  necessities — of  our  appetites  and  passions— of  j 
iptibilities  of  pleasure  and  pain— in  fine,  of  our  physical  organization—  ( 
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n  bodies  just  ( 
1      flgh 


g    pt 


were  for  the  first  time  introduced  to  this  glorious  earth  with  its 
)  sphere — its  pure  and  translucent  waters — tbe  life  and  beauty  of  it; 
j  vegetable  kingdoms — with  its  attraction  upon  the  matter  of  our  ow 

sufficiently  great  to  give  them  the  requisite    t  hi'ty       d      t      t 

ieprive  them  of  the  power  of  free  and     p  d  m         — w  h 
j  and  darkness,  giving  an  alternation  of  lab         d  ly  t 

J  our  muscular  power— -with  its  gralefu!  s  f  d 

)  extremes  of  temperature,  so  justly  su     d  s  ' 

j  fitness  before  us,  conid  we  hesitate  to     f       1  h     1 1        m 

)  provided  expressly  for  our  habitation       If    1         h    U 
J  science  disclose  to  us  in  each  planet,  whi  h  I  k  II 

)  periods  round  the  sun,  provisions  in  all       p  ml    —  f  h  y 

<  be  habitations  similarly  built,  ventilated  w    m  d    11  ed       d 

I  supplied  with  the  same  alternations  of  1    h        I  d    k  bj    h 

J  dient — with  the  same  pleasant  successi        f  h        m     j 

J  diversity  of  climates — the  same  agreeabl    d       b  f  I     d      d 

we  doubt  that  such  structures  have  be      p       d  d        h      b  d 

aU  respects  resembling  ourselves  ?     The  strong  piesumption  raised  by  "such  i 
(  proofs  is  converted  into  a  moral  certainty,  when  it  is  shown  from  physical  anal-  \ 
)  ogies  of  irresistible  force  that  such  bodies  are  the  creation  of  the  same  Hand  J 
i  that  raised  the  round  world  and  launched  it  into  space.     Such,  then,  is  the  n 
e  of  the  evidence  which  science  offers  on  ihis  interesting  question.     Let  i 
(  endeavor  to  strip  it  of  such  technical  forms  of  language  and  reasoning  as  a 
j  intelligible   only  to  the  scientific,  and   lo  present   it  so  as  to  be  easily  and  f 
j  agreeably  comprehended.  j 

'f  we  look  at  a  plan  of  the  solar  system,  the  first  glance  will  impress  us  with  J 
dea  that  the  earth  is  an  individual  of  a  class  ;  that  that  class  is  the  planets  ; 
)  that  the  sun  is  an  object  provided  for  different  purposes,  and  the  same  may  be 
S  said  of  the  satellites.     We  take  this  impression  from  the  simple  fact  that  the  ] 
j  planets,  including  the  earth  among  the  number,  move  round  the  sun  as  a  centre  j 

'n  circles  all  in  the  same  direction,  and  nearly  in  the  same  plane  ;  while  the  \ 
}  satellites  or  moons  (in  a  manner  which  we  shali  hereafter  notice)  revolve  re- 
\  spectiveiy  round  the  planets.     The  impression  is  irresistible  that  the  planets, 
j  including  the  earth,  form  a  class ;  but  let  us  see  the  purposes  in  the  economy  J 
I  of  nature  which  are  fulfilled  by  this  common  character  given  to  the  motion  <tf  \ 
)  the  planets  and  the  position  of  the  sun.     We  find,  upon  considering  the  quali- 
j  lies  of  organized  bodies,  and  especially  the  species  ol  the  animals  and  vegeta- 
)  bles  upon  the  earth,  that  the  maintenance  of  their  physical  well-being  is  essen- 
S  tially  dependant  on  the  uniformity  and  regularity  wilh  which  they  are  supplied 
)  with  the  two  great  physical  principles  of  light  and  heat.     Should  these,  or 
5  either  of  them  be  subject  to  any  extreme  lariations,  such  vicissitudes  would  \ 
j  be  incompatible  with  the  organization  ol  the  species      There  is  a  cold  on  om 
5  hand  and  a  heat  on  the  olhor,  under  which  no  organized  body  could  continui 
exist,  and  there  are  stili  narrower  limits  within  which  it  is  necessary  ti 
mfine  the  temperatures  they  are  exposed  to  m  order  to  secure  the  perfec 
»n  of  their  phj  steal  liealth       There  are  aho  degrees  of  light,  the  intensity  ' 
!  of  which  would  be  incompatible  with  the  continued  perfection  of  the  organs  of  j 

Ve  see,  then,  how  essential  to  the  well-being  of  the  infinite  varieties  of  crea-  i 

s  thai  people  this  globe,  a  uniform  regulation  of  light  and  heal  is.     How,  | 

}  then,  is  this  great  and  important  end  attained  ?     If  we  had  a  fire  which  at  once  i 

supphed  light  and  heat  in  our  neighborhood,  and  that  circumstances  obliged  u 

continually  to  shift  our  position  in  regard  to  it,  but  at  the  same  time  so  to  order  i 

onr  movements  as  to  receive  from  it  a  uniform  intensity  of  light  and  beat,  how  J 
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should  we  move  ?  Should  we  not  take  care  to  keep  always  at  the  same  ( 
tance  from  it  ?  And  to  accomplish  this,  should  we  move  in  any  other  path  ) 
than  thatof  a  circle,  having  the  fire  in  the  centre  1  This,  hovpever,  is  precisely  J 
what  is  accomplished  by  the  annual  motion  of  the  earth.  It  traverses  its  course  ^ 
round  the  central  fire  of  the  system,  keeping  always  nearly  at  the  same  distance  > 
from  the  inexhaustible  fountain  of  light  and  warmth.  By  this  simple  expedient  > 
of  observing  a  circular  path  with  the  sun  in  the  centre,  tliis  necessary  object  j 
is  attained. 

Now,  in  examining  the  m      m  II  h       h     p!  f  d  h      1 

same  expedient  is  provided      ha     h  y  llj         1        p       d     I 

like  the  earth,  preserve  unif    mdnfh  —  dlh 

body  in  circles,  of  which  it       1  m  n 

Soeing,  then,  that  this  mo  h  f  h       rth  wh      b 

important  end  is  attained,  a    1  g)  j      ifi       h  1  h  h 

garded  likewise  as  a  means  for  the  attainment  of  a  similar  end  in  each  of  tbe 
planets.  But  it  will  probably  be  said  that  the  planets  are  at  different  distances  I 
from  the  sun  ;  that  the  most  remote  of  them  is  nearly  twenty  times  farther  from  S 
that  luminary  than  the  earth,  while  the  nearest  of  them  is  little  more  than  one  ) 
third  the  earth's  distance  ;  therefore,  that  althongh  it  must  be  admitted  that  each  J 
planet  (considered  per  se)  is  supplied  uniformly  with  light  and  warmth  by  this  J 
circular  motion ;  yet  the  intensity  of  these  principles  to  which  the  several  S 
planets  are  exposed,  comparing  one  with  another,  is  so  extremely  difl'erent  a- 
to  destroy  all  analogy  between  them. 

In  answer  lo  this,  we  are,  Jiowever,  to  consider  that  the  influence  of  light  and  ? 
heat  upon  a  planet  does  not  depend  soiely  on  its  distance  from  the  sun.  The  i 
heat,  as  is  well  known,  produced  by  the  solar  rays,  depends  on  the  density  of  ) 
the  air  which  surrounds  the  objects  affected  by  it.  Thus  we  find  the  tempera-  S 
ture,  at  great  elevations  in  our  own  atmosphere,  considerably  lower  than  at  the  ? 
mean  surface  of  our  globe  ;  because  at  these  elevations  the  air  becomes  so  thin  i 
as  to  be  incapable  of  collecting  and  retaining  the  sun's  heat.  We  can  there-  J 
fore  easily  imagine,  provided  the  existence  of  their  atmospheres  be  concede-' 
that  their  density  h^  been  so  regulated,  that  the  nearest  planets  to  the  si 
which  receive  the  greatest  intensity  of  its  rays,  may  not,  after  all,  be  mo 
healed  than  the  most  remote  ones,  which  are  exposed  to  the  least  intensity  of  j 
its  rays  :  just  as  we  find  that  (he  temperature  of  the  summits  of  lofty  mount-  , 
ains  at  the  tropics  is  aa  low  as  the  temperature  of  some  of  the  polar  latitudes,  i 
It  is  plain,  then,  how  the  effects  of  the  various  distances  of  the  planet  from  i 
the  sun  may  bo  equalized  and  compensated.  The  means  of  accomplishing  this  i 
are  provided  in  the  form  of  atmospheres,  as  we  shall  presently  see.  ; 

But  let  us  turn  to  the  consideration  of  the  solar  light.     The  intensity  of  the  i 
sun's  light  varies  with  his  distance  exactly  in  the  same  proportion  as  that  of 
his  heat ;  and  the  brightness  of  a  day  in  the  most  remote  planet  would  be  Jess 
than  that  of  a  day  in  the  nearest  in  the  same  proportion  as  the  sun's  heat  would  i 
be  less.     It  may  therefore  be  objected  that  there  might  be   scarcely  daylight  I 
enough  in  the  planet  Herschel  to  serve  the  purposes  of  social  and  civil  life.  > 
Such  might  undoubtedly  be  the  case  if  we  were  to  deny  the  possibility  of  any  ■ 
variation,  however  minute,  in  the  organs  of  vision  ;  hut  without  denying  this,  , 
let  us  consider  how  the  matter  would  stand.     The  perception  wliich  the  eye  < 
I  of  any  creature  acquires  of  light,  depends  {caleris  paribus)  upon  the  magnitude 
'  of  the  circular  aperture  or  foramen,  in  front  of  the  eye,  called  the  p'ipil,  which 
has,  externally,  the  appearance  of  a  circular  black  spot ;  but  which  is,  in  i 
reality,  a  circular  hole  through  which  the  light  is  admitted  to  the  interior  of  the  < 
chamber  of  vision,  there  to  affect  the  membranous  coaiing  which  transmi'=  '"  "■ 
influence  to  the  brain  and  causes  the  sensation.     It  must  be  evident,  evt 


y  Google 


But  besides  the  dispositio 
'ant  of  rest,  animals  in  general  have  I 
i  of  enjoyment  which  are  periodical. 
■  *         '    's,  after  whjch  recurs  the 


j  the  least  informed,  that  the  brightness  of  light  will  then  depend  upon  the  mag-  ', 
nilude  of  ihis  foramen.     Granting  that  there  are  two  eyes,  in  one  of  which  the  j 
pupil  is  twice  as  large  as  it  is  in  the  other,  the  organ  being  in  all  other  respects 
same,  then  it  is  evident  that  one  would  admit  twice  as  much  light  as  the 
^  other.     If,  then,  the  large  pupil  was  exposed  to  light  of  only  one  half  the  in- 
(  tensity  or  brightness  of  that  to  which  the  smaller  one  is  exposed,  then  the  two 
J  lights  would  appear  to  these  eyes  of  the  same  brilliancy,  although  in  fact,  one 
I  would  be  only  half  as  bright  as  the  other      What,  then,  shall  we  say  of  the 
j  planets  1     Grant  that  the  pupils  ol  the  eyes  of  all  creatures  endowed  with  \ 
'jn  upon  them  are  enlarged  m  their  opening  according  as  the  pianels  are  J 
e  removed  from  the  sun  and  diminished  as  they  are  nearer  to  that  luminary,  ? 
S  and  the  whole  difficulty  arising  !rom  the  varying  intensity  of  light  will  vanish.  } 
The  inhabitants  of  all  the  planets  will,  in  tact,  enjoy  days  of  the  same  bright-  \ 
less,  notwithslanding  the  extreme  difference  of  their  distances  from  the  s 
In  considering  closely  the  physical  powers  of  locomotion  and  strength  & 
i  ferred  upon  animals  on  the  surface  of  the  earth,  we  find  that  they  have  cert 
;  limitations ;  thai  animals  are  capable  of  exercising  the  powers  of  locomotion  J 
lertain  periods  of  time,  varying,  it  is  true,  among  individuals,  but  still  i 
main  comprised  within  certain  narrow  limits.     We  find  that  after  the  lapse  \ 
)  of  certain  intervals,  bodily  repose  is  wani    ■""■■■'''■ 
(  tivity  and  locomotion  and  the  alternate  v 
j  also  other  physical  wants  and  capabilitie; 
(  Thus  they  are  capable  of  wakefulness  for  Ci 
j  physical  want  of  sleep. 

"'ow  upon  a  general  survey  of  the  creation,  it  is  found  that  the  average  pe- 
)  riods  which  must  regulate  the  intervals  of  labor  and  rest,  of  wakefulness  and 
[  sleep,  corresponds  in  the  main  with  those  which  regulate  the  alternations  of  ( 

>  light  and  darkness.     In  the  vegetable  kingdom  we  find  prevailing  also  peri- 

i  odical  functions,  certainly  not  so  obvious  and  apparent,  but  not  on  that  ac-  \ 
)  count  the  less  interesting,  which  are  ascertained  to  have  the  same  close  J 
i  alliance  with  the  period  that  regulates  the  returns  of  light  and  darknes 
)  Plants  undergo  certain  changes  and  suffer  certain  effects,  in  t)ie  presence  ) 
(  of  solar  light,  which  are  different  from,  and  in  some  respects  contrary  to,  those  \ 
j  which  they  undergo  in  its  absence.     These  changes  are  essential  to  the  vege- 

' ' )  health  of  the  creature ;  without  them   the    tribes  of  plants  would  be  ) 
)  extinct.     The  duration  of  these  operations  is  just  as  essential  as  their  altema- 
5  tions.     Light  must  be  present  a  certain  time  and  neilher  more  nor  less  ;  and  its  \ 
}  absence  must  be  equally  regulated  by  limits,  otherwise  the  plant  must  perish. 
5  There  is,  then,  it  is  evident,  an  essential  relation  between  the  functions  and  \ 

>  qualities  of  the  vegetable  kingdom — between  the  power  of  activity,  the  suscep- 

,  libility  of  enjoyment  and  the  physical  wants  of  animals,  aud  the  periods  which  \ 
parate   light  from   darkness ,  but    what   are   those  periods  ?     What  is  the 
jchanical  expedient  to  which  He  has  resorted  to    accomplish  his  inscru- 
S  table  purposes,  who  divided   the  light    from  the  darkness,   and   "  saw  that   it 
good."     Nothing  can  be  more  simple.     Nothing  can  be  more  beautiful. 
'  frothing  can  be  more  admirably  perfect.     While  the  globe  of  the  earth  makes  J 
s  annual  course  round  the  sun,  it  has  at  the  same  time  a  spinning  motion,  on 
a  certain  diameter,  as  an  axis,  in  virtue  of  which  it  successively  exposes  all 
parts  of  its  surface  to  the  light  and  warmth  of  the  sun.     Each  complete  rota-  ' 
n  is  accomplished  in  the  space  which  we  call  twenty-four  hours  ;  subject  lo  [ 
variation  which  we  shall  notice  hereafter.     Al!  points  on  our  earth  are  alter-  ■ 
lely  exposed  to  and  withdrawn  from  the  solar  light ;  the  average  intervals  ', 
being  twelve  hours. 

"aw  when  we  reflect  on  the  close,  the  exact  correspondence  between  these  | 
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}  intervals  and  the  indispensable  wants  of  all  organized  creatures,  can  we  for  a 
ment  doubt  that  ibe  earth  was  made  lo  turn  upon  its  axis  in  that  particular 
._._.e  rather  than  any  other,  because  it  was  more  conducive  than  otherwise  to 
(  the  well  being  of  the  countless  myriads  of  species,  the  production  of  the  Divine 
J  hand,  for  whose  enjoyment  the  earth  was  made  1  Had  the  time  of  rotation  been 
laterially  less  than  it  is,  our  periods  of  activity  and  labor  would  be  too  short  to 
i  prepare  us  for  the  return  of  darkness,  and  had  the  time  of  rotation  been  greater,  , 
j  we  should  have  needed  rest  before  the  return  of  the  natural  epoch  designed  for 
J  it.  As  it  is,  the  natural  vicissitudes  are  nicely  adapted  to  our  wants ;  and  yet  our 
\  organization  is  in  no  way  connected  physically  with  the  rotation  of  the  earth, 
J  by  any  relation  of  the  nature  of  cause  and  effect,  and  to  suppose  such  an 
}  adaptation  fortuiloua,  would  be  an  outrage  upon  all  principles  of  probability, 
}  This  mutual  fitness  is,  then,  another  of  the  many  prools  which  offer  themselves 
\  that  the  earth  as  a  dwelling,  and  man  as  a  dweller,  has  been  each  expressly 
!  designed  for  the  other. 

Many  practical  examples  may  be  given  of  this  correspondence  between  the 
ime  of  rotation  of  the  earth  upon  its  axis  and  the  periodical  functions  of  the 
\  organized  world.  Thus,  Linnffius  proposed  the  use  of  what  he  termed  a  Jio- 
ral  dock,  which  was  to  consist  of  plants  which  opened  and  closed  their  blos- 
soms at  particular  hours  of  the  day.  Thus,  the  day-lily  opens  at  five  in  the 
\  morning,  the  common  dandelion  at  six,  the  hawkweed  at  seven,  the  ma- 
{  rigold  at  nine,  and  so  on ;  the  closing  of  the  blossoms  marking  corresponding 
\  hours  in  the  afternoon.  Nor  was  this  to  be  regarded  as  a  specific  effect  of  light 
(  upon  the  plants,  for  when  the  flowers  were  introduced  into  a  dark  chamber 
i  they  were  found  to  open  and  close  their  blossoms  at  the  same  times. 
\  The  necessity  of  observing  a  correspondence  between  the  intervals  of  activ- 
\  ity  and  repose^  the  taking  of  food,  &c.,  and  the  period  of  light  and  darkness, 
(  was  practically  shown  in  the  case  of  voyages  made  to  the  north  pole,  where 
J  navigators  attained  those  latitudes  in  which  the  snn  never  rises  for  several 
(  weeks,  in  which  cases  it  was  found  necessary  to  make  the  crews  of  the  ships 
}  adhere  with  the  utmost  punctuality  to  the  habit  oi  retiring  at  nine  o'clock  and 

■  "ng  at  a  quarter  before  six.     Under  these  circumstances  they  enjoyed  a 
,e  of  salubrity  very  remarkable,  notwithstanding  the  trying  severity  of  cli- 

i,  mate  to  which  iey  were  exposed. 

Seeing  then, — that  the  expedient  of  making  the  globe  of  the  earth  turn  upon 

ts  axis  in  twenty-four  hours  is  one  producUve  of  such  multifarious  benefits, 

ind  so  intimately  related  to  the  organized  species  of  our  globe,  that  were  it  to 

\  turn  otherwise  than  it  does,  in  a  greater  or  less  time,  an  entire  derangement  of 

J  the  animal  or  vegetable  economy  would  ensue, — it  becomes  an  interesting  ques- 

■  ,  to  ascertain  whether  the  other  planets  are  provided  with  a  similar  expedi- 
j  ent;  and  if  so,  to  what  extent  the  application  of  such  expedient  corresponds 
<  with  the  case  of  the  earth.  We  accordingly  find  that  all  the  planets  without 
J  exception  have  a  motion  of  rotation  on  certain  diameters  as  an  axis  while  they 
(  make  their  periodical  revolutions  round  the  sun,  and  that  the  diameter  in  which 

>  they  so  rotate  has  been  selected  in  auch  a  manner  as  to  secure  to  each  of  them 
(  regular  alternations  of  light  and  darkness  in  every  part  of  their  surfaces  ;  in 
\  fact,  they,  like  the  earth,  have  days  and  nights.  But  are  those  days  and  nights 
\  regulated  by  the  same  intervals  as  ours  ?  for  that  is  an  important  question ; 

>  such  intervals  being,  as  we  have  shown,  a  key  to  the  organizations  and  func- 
5  tiona  of  the  creatures  upon  them  respectively, 

>  We  shall  on  another  occasion  show  that  the  planets  consist  of  two  groups 
(  which,  although  characterized  by  common  qualities,  are  still  distinct  in  several 
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J  stances  wliicit  prepare  us  to  expect  some  discrepancies  in  the  provisions  made  } 
In  tliese  two  groups ;  but  everything  leads  us  to  anticipate  a  unifonnity  in  \ 
2ach  of  tliem  respectively.  We  shall  on  another  occasion  show  that  the  } 
J  three  planets,  Mercury,  Venus,  and  Mars,  which  with  our  own  form  tbe 
i  inner  group,  do  all  turn  on  their  axes ;  that  they  have  all  a  diurnal  motion 
J  completed  in  the  same  time,  or  very  nearly  so,  aa  that  of  the  earih.  Thus  \ 
)  these  several  planets  not  only  have  days  and  nights,  but  have  days  and  nights  ) 
isely  similar  to  our  own.  They  are  regulated  by  the  same  average  dura-  , 
;  and  He  that  gave  them  those  alternations  has  seen  it  good  to  "  divide  the  { 
(  light  from  the  darkness"  after  the  same  fashion. 

If,  then,  the  duration  of  our  days  and  nights  be  evidently  regulated  with  a 


g  of  the  organized  creatures  to  which  \ 

e  surely  warranted  by  all  analogy  ir 

*  expedients  in  the  planets,  Mercury,  i 

tie  same  beneficent  purposes,  and  that  J 

rtb,  are  ao  organized  as  to  reqcire  the  ( 

iclivity  and  repose,  of  wakefulness  and  J 


0  the  accommodation  and  well-b 
f  the  earth  has  been  appropriated,  we  i 
j  eluding  that  the  adaptation  of  the  s 

:,  and  Mars,  have  been  directed  ti 
L  ...t.  v.eatures  upon  them,  as  upon  the  « 
)  same  intervals  of  labor  and  rest,  of  a 

I      In  the  outer  group  the  limes  of  rotation  are  different,  yet  among  then 
ilar  uniformity  prevails.     Jupiter  and  Saturn  revolve  on  their  axes  in  abont  ten  } 
hours.     The  telescope  has  not  informed  us  of  the  lime  of  rotation  of  Hersclul; 
but  it  is  probably  not  different  from  the  two  cognate  planets.     It  appears  then 
that  the  intervals  of  light  and  darkness  in  these  remote  bodies,  instead  of  being  i 
I  regulated  by  intervals  of  twelve  hours,  is  determined  by  average  intervals  of  ( 
S  five  hours.  ■  A  corresponding  difference  of  organization  and  functions  may  of  j 
?  course  be  inferred  to  prevail  upon  them  ;  but  still  it  will  be  observed  that  the  { 
)  difference  between  them  and  the  inner  group,  lies  merely  in  the  duration  of  J 
i  intervals  of  light  and  darkness  ;  those  intervals  being  in  the  main  preserved.  ■ 
S  There  is  no  planet,  then,  in  which  are  not  provided  days  and  nights. 
(      In  considering  the  expedient  by  which  days  and  nights  are  secured  to  the  j 

>  planets,  it  is  interesting  to  contemplate  the  particular  position  of  the  diameters  } 
(  on  which  they  have  been  made  w  turn.  There  are  a  gieat  variety  of  different  ( 
S  diameters  upon  which  the  earth  might  have  spun  while  it  revolves  round  the  J 
J  sun.     It  might,  for  esamplc,  have  turned  on  a  diameter  at  right  angles  to  its 

;  annual  orbit.     If  it  had  been  so  we  should  have  had  equal  days  and  nights 
<  throughout  the  entire  year,  and  at  every  part  of  the  earth.     It  might  again  have  } 

>  turned  upon  a  diameter  lying  in  the  plane  of  its  annual  orbit.     In  such  a  case  we 
5  should  not  have  had  alternations  of  days  and  nights  ai  all ;  we  should  have  had 

;onsiantly  visible  for  sis  months,  and  absent  for  other  six  months,  mod- 
5  ified  in  a  very  complex  manner,  however,  by  other  vicissitudes;  in  fact  we  should  J 

e  had  changes  of  light  and  darkness  utterly  unfit  for  our  w 
J  first  case  we  should  have  been  deprived  of  seasons  and  of  the  ii 
j  taining  any  convenient  chronology.     Thus,  in  either  case,  we  should  be  strip-  J 
i  of  many  of  the  benefits  and  ulOities  arising  from  the  present  arrangement.  J 
j  Again,  the  earth  might  have  turned  upon  an  axis  nearly  perpendicular  lo  the  j^ane 
J  of  its  annual  orbit ;  or  in  nearly  that  plane ;  it  might,  in  fact,  be  inclined  in 
j  any  position,  between  those  extremes.     Had  it  stooped  down  nearly  to  the  eclip- 
\c,  consequences  would  have  ensued  almost  as  fatal  as  those  which  any  position  i 
n  the  plane  of  the  ecliptic  would  have  inferred.     We  find,  however,  in  fat 
(  that  a  position  has  been  given  to  this  axis  slightly  inclined  from  the  perpendic 
I  lar.     In  virtue  of  this  inclination  the  northern  hemisphere  leans  toward  the  J 

n  during  one  half  of  the  year,  and  the  southern  hemisphere  during  the  other, 
)  We  enjoy  the  grateful  succession  of  seasons  ;  it  is  thus  that  spring,  summer, 
J  autumn,  and  winter,  follow  each  other  with  pleasant  variety,  marking  in  their  J 


I  losted  by 


Google 


J  progress  by  obvious  phenomena  the  bourse  of  time.  Yet  this  inclins 
{  stooping  of  the  axis  is  so  regulated  that  the  extremes  of  the  seasons  a 
I  fined  witliin  such  moderate  hmits  as  are  necessary  and  conducive 
J  physical  well-being  of  the  numerous  tribes  which  people  the  earth. 

'    *  '    t  this  succession  of  seasons  was  not  indispensably  neces 

;  of  the  races  that  inhabit  the  earth,  for  had  the  axis  been  per- 
)  pendicular  to  the  orbit  so  as  to  render  days  and  nights  perpetually  and  every- 
l  where  equal,  the  organized  world  would  still  have  continued  to  exist.     Thus 
we  see  that  the  seasons  are  a  provision  received  from  the  Divine  hand,  par- 
taking more  of  the  character  of  a  luxury  than  of  an  absolute  physical  wa; 
\  We  could  have  done  without  them,  but  not  so  well. .   We  are  therefore  pi 
J  pared  on  examining  the  other  planets  to  expect  a  greater  difference  to  prevail 
?  among  them  in  this  respect  than  in  regard  to  the  other  provisions,  such  as 
j  days  and  nights,  without  which  the  organized  world  could  not  have  continued. 
On  examiuing  the  position  of  axes  on  which  the  several  planets  revolve,  we 
J  find  them  to  be  such  as  might  be  anticipated.     Some  of  them  correspond  almost 
linutely  with  that  of  the  earth.     Thus  the  seasons  in  Mars  are  regulated  by 
xaclly  the  same  extremes  as  those  upon  the  earth ;  the  summer  and  winter 
mging  between  similar  limits  of  heat  and  cold.     The  same  is  true  of  tlie 
j  planet  Saturn.     In  the  case  of  Jupiter,  on  the  other  hand,  we  find  the  axis 
)  nearly  perpendicular  to  the  orbit,  so  as  to  produce  scarcely  any  perceptible 
)  effect  in  the  form  of  seasons.     Great  difficulties  have  been  encountered  in 
;ertaining  the  position  of  the  axes  of  the  planets  Mercury  and  Venus.     There 
i  appears  reason  for  believing  that  they  are  inclined  at  very  great  angles  from 
\  the' perpendicular,  and  consequently  that  the  extremes  of  the  seasons  are  pro- 
\  portionally  great ;  in  short,  if  the  position  of  the  axes  of  these  planets  be  rightly 
j  determined  a  very  complicated  succession  of  seasons  would  prevail  upon  their 
\  surfaces  ;  however,  until  observations  of  a  most  decisive  character  shall  be  ob- 
\  tained  it  is  vain  to  speculate  upon  these  bodies 
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ions,  and  thereby  to  convey  its  into 
organization  of  the  ear.     Without  the  I 
could  live  in  its  absence,  however  \ 


s  of  speech  and  hearing,  » 


should  possess  them  ii 
Voice  we  mightTiave,  but  no  word  could  we  utter ;  listeners  we  might  > 
be,  but  no  sound  could  we  hear  ;  endowed  with  the  full  powers  of  hearing  and  J 
speaking,  we  should  nevertheless  be  deaf  and  dumb. 

Another  important  manner  in  which  the  atmosphere  administers  to  our  con- 
venience, is  by  diffusing  in  an  agreeable  manner  the  solar  light,  and  mitigating 
its.  intensity.  In  this  respect,  the  atmosphere  may  be  considered  as  perform- 
ing in  regard  to  the  sun  what  the  imperfect  transparency  of  a  ground-glass 
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)  shade  performs  for  the  glare  of  ihe  lamp.     In  the  absence  of  an  atmosphere, 
<  light  of  the  sun  would  only  illuminate  ohjecls  on  which  its  direct  rays  would  ! 
'  fall ;  we  should  have  no  other  degrees  of  light  but  the  glare  of  intense  s 
\  shine,  or  the  most  impenetrable  darkness.     Shade,  there  would  be  none ; 
j  apartment  whose  casement  did  not  face  the  sun,  at  the  mid-day  would  be  a; 
i  midnight.     The  presence  of  a  mass  of  air  extending  from  the  surface  of  the  [ 
)  earth  upward  to  a  height  of  from  thirty  to  forty  miles,  becomes  strongly  iliumi- 
5  nated  by  the  sun.     This  air  reflects  the  solar  light  on  every  object  exposed  to  J 
)  it,  and  as  it  spreads  over  every  pact  of  the  earth's  surface,  it  conveys  with  it  ( 

I  the  reflected,  hut  greatly  mitigated  light  of  the  sun. 
When  the  evening  sun  withdraws  its  light,  the  atmosphere  continuing  to  b 
illnminated  by  its  beams,  supplies  the  gradual  declining  twilight  which  term 
nates  in  the  shade  of  night.     Before  it  rises,  in  like  manner,  the  atmosphet 
is  the  herald  of  its  coming,  and  prepares  us  for  its  splendor  by  the  gray  dawn  i 
and  increasing  intensity  of  morning  twilight.     In  the  absence  of  an  atmosphere, 
the  moment  of  sunset  would  be  marked  by  an  abrupt  and  instantaneous  transi- 
tion from  the  blaze  of  solar  light  to  the  most  impenetrable  darknes'^  ;  and  for  \ 
the  same  reason,  the  morning  would  be  characterized  by  an  equally  abrupt 
change  from  absolute  darkness  to  broad,  unmitigated  sunshine. 
In  the  absence  of  an  atmosphere  we  could  have  no  clouds ;  day  would  be 
'       le  glare  of  the  sun.     The  bright  azure  sky,  so  grateful  J 
i  to  the  sight,  is  nothing  more  than  the  natural  color  of  the  air  reflected  to  the 
The  air  which  fills  a  room  is  not  perceived  to  be  blue  only  because  it  ia 
\  sufficient  quantity  to  excite  in  the  eye  any  perception  of  its 
a  glass  of  sea-water  seems  translucent  and  colorless,  while  the  j 
3wed  through  a  considerable  depth,  appears  with  its  proper  " 


t  present  i 
?  color ;  just  as 


)  of  green. 

"Vhen  we  look  up,  therefore,  through  forty  miles  of  atmosphere,  we  behold  ) 
i  its  proper  tint  of  blue.  In  the  absence  of  the  atmosphere  the  great  vault  ; 
J  of  the  heavens  would  present  one  unvaried  and  eternal  black,  the  stars  dimly  ? 
i  twinklmg  here  and  there,  the  whole  forming  a  most  funereal  contrast  with  the  S 
5  bright  orb  which  would  be  seen  holding  its  solitary  course  through  this  eternal  S 
I  expanse  of  darkness 

The  atmosphere  produces  eifects  on  the  temperature  of  our  habitation  which  ' 

tre  not  less  important      It  retains  and  difl'uses  warmth,  whether  proceeding  ! 

!  from  the  sun  abo\e  or  from  sources  of  internal  heat  within  the  globe  itself,  j 

(  What  situation  with  respect  to  temperature  we  should  be  placed  in  by  its  ab-  j 

ce,  or  even  by  a  considerable  diminution  of  its  quantity  or  density.may  be 
)  easdy  mferred  by  considering  the  state  of  those  parts  of  the  earth  which  ate 
S  placed  at  such  an  altitude  as  to  leave  below  them  a  large  portion  of  the  atmo- 
?  sphere  The  simimits  of  lofty  ridges,  such  as  those  of  the  Alps,  the  Andes, 
ind  the  Himalaya,  are  examples  of  this.  No  intensity  of  direct  solar  heat  can 
(  compensate  for  the  absence  of  a  sufliciently  dense  atmosphere,  and  even  within  i 
i  the  tropics  water  can  not  exist  in  a  liquid  form  at  elevations  above  14,000  feet.  \ 
I  The  summits  of  the  Andes  are  clothed  in  everlasting  snow. 

Had  we,  therefore,  been  unprovided  with  an  atmosphere,  or  even  had  out 
itmosphere  been  so  rare  and  attenuated  as  it  is  at  an  elevation  of  three  miles 
J  (scarcely  one  tenth  of  its  whole  height),  the  waters  of  our  oceans  would  have  ( 
)  been  solid.     Vegetation  could  never  have  existed,  and  in  spite  of  the  light  ( 
j  and  genial  warmfli  of  the  sun — in  spite  of  the  grateful  changes  of  season — in  { 
e  of  the  beautiful  and  simple  provision  by  which  spring  sncceeds  winter,  j 
is  followed  by  summer  and  autumn,  the  earth  would  have  been  a  barren  j 
J  and  arid  waste,  enveloped  in  a  shell  of  eternal  ice,  devoid  of  life,  motion,  form, 
j  and  beauty. 
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Seeing,  then,  how  necessary  to  the  existence  of  an  animal  and  vegetable 

world  an  atmosphere  is — how  indispensable  its  presence  is  to  a  society  of  crea* 

j  tares  whose  means  of  intercommunication  is  sound — and  yet  bearing  in  mind  at 

e  that  this  atmosphere  is  not  essential  to  any  of  the  great  mechan 

1  ical  functions  of  the  earth  in  the  economy  of  the  solar    y        —         d 

j  also  that  without  its  presence  the  part  which  that  earth,  wh  1     p    f    m 

n  the  society  of  the  planets,  would  be  the  same-^s  it  now     —        w 
\  any  other  conclusion  than  that  this  atmosphere  was  cast  d  h  h 

J  pressly  with  a  view  of  the  well-being  of  its  occupants — Xf>    fl    d  1  g       1 

s  warmth— to  give  them  diffused  and  gentle  light — to  co      y  h  f 

)  sound — -to  promote  and  facilitate  social  felicity,  by  supplj     g    h  n      f 

J  intercomtnunicatioa  by  language— to  preserve  the  seas  1  q  d —  d  pply 
)  propitious  winds  to  stimulate  the  intercourse  of  nations       d  k  g   h      h 

i  races  of  beings  who  occupy  its  most  distant  points  by  th  k  dly  b  d  1 
)  ciprocal  beneficence  ?  If  then  such,  and  such  only,  be  adm  d  b  h  p 
!  poses  and  uses  of  our  atmosphere,  the  question  whether  oh     pi 

s  resembling  ours,  are  occupied  by  similar  beings,  mu     b    m  Hy     fl 

J  enced  by  the  result  of  an  investigation  as  to  whetlier  or  n      h       pi 
supplied  with  like  atmospheres. 
Telescopic  observations  have  most  clearly  and  satisfa        I  d  h 

I  question.     The  atmosphere  around  the  planets  are  as  palp  bl  f  h 

}  clouds  which  float  on  our  own.     Venvs  and  Mercury  are  enveloped  in  tlyck  \ 
atmospheres :    in  the  former  the  air  is  especially  conspicuous,  nay,  we  Can 
even  see  the  morning  and  evening  twilight  in  that  distant  world.     The  atmo- 
sphere of  Mars  is  likewise  apparent.     We  see  the  clouds  floating  on  it.     Ju- 
J  piier  and  Saturn  afford  not  less  unequivocal  manifestations  of  atmospheres ; 
)  and  if  we  have  not  the  same  clear  and  satisfactory  evidence  in  the  case  of  Her- 
)  sehel,  we  have  abundant  reason  for  the  want  of  it,  in  lis  enormous  distance  and 
he  hitherto  deficiency  of  telescopic  power. 
The  ascertained  existence  of  clouds  in  the  planets  proves  more  than  the 
I  mere  presence  of  atmospheres  upon  them.    An  atmosphere  is  necessary  to  sup- 
S  port  clouds,  but  must  not  be  identified  with  them.     Clouds  are  no  more  parts 
(  of  the  atmosphere  than  the  mud  and  sand  which  float  in  a  turbid  river  are 
i  parts  of  its  waters.     Water  is  converted  into  vapors  by  the  agency  of  the  sun 
(  and  wind.     This  vapor,  when  it  escapes  from  the  surface  of  the  liquid,  is  gen- 
(  erally,  lighter,  bulk  for  bulk,  than  that  part  of  the  atmosphere  contiguous  to  it. 
s  into  more  exalted  regions,  where,  by  the  agency  of  cold,  and  by  electri- 
J  city,  it  is  made  to  resume  its  liquid  state,  but  in  such  minute  particles  that  it 
s  and  forms  those  semi-opaque  masses  called  clouds.    Clouds  are,  then,  in 
S  fact,  water  existing  in  a  very  minute  state  of  mechanical  division,  and  affected 
*n  peculiar  ways  by  electricity. 

When  these  particles  are  caused  to  coalesce  into  drops  or  spherules  of  wa- 
er — an  efi'ect  which  may  arise  from  temperature  or  electricity,  or  both  combined 
—their  weight  renders  their  further  suspension  impossible,  and  they  descend  to 
I  ihe  surface  in  the  form  of  rain ;  or  if  the  cold  be  so  great  as  to  congeal  the  par- 
i  tides  before  they  coalesce  into  globules,  they  descend  in  the  form  of  snow  ;  or. 
j  finally,  if  by  the  sudden  evolution  of  heat  caused  by  electrical  infiuences  their 
j  solidification  is  effected  into  drops,  they  come  down  in  the  form  of  hail. 

s  wherever  the  existence  of  clouds  is  made  manifest,  there  water  must 

)  exist ;  there  evaporation  must  go  on  ;  there  electricity,  with  its  train  of  kin- 

j  dred  phenomena,  must  reign ;    there  rains  must  fall ;  there  hail  and  s.\ow 

nust  descend. 

That  healthful  and  refreshing  winds  agitate  the  atmospheres  of  the  group  of 

J  worlds  in  the  centre  of  which  our  .sun  presides,  and  of  which  he  is  the  common 
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j  band— ihat  showers  refresh  their  Biafaces— that  their  climates  and  seas 

■j  modified  hy  evaporation — that  their  continents  are  hounded  by  seas  and 

)  —that  intercourse  is  facilitated  hy  winds  which  convert  the  surfaces  of  their  J 

S  w  alers  into  highroads  for  nations—these  and  a  thousand  other  consequences  of  S 

)  what  has  been  here  explained,  all  tending  to  one  conclusion — that  these  va  ' 

i  0U3  globes  are  placed  in  the  system  for  the  same  purpose  as  the  earth— t] 

I  they  are  in  fact,  the  dwellings  of  beings  in  all  respects,  even  from  their  low 

J  physical  wants  to  their  highest  social  advantages,  like  ourselves,  crowd  upon  4 

)  the  mind  so  thickly  that  we  can  scarcely  give  them  expression  in  a  clear  and 

J  intelligible  order. 

5       It  may  be  asked  whether  hy  immediate  observation  we  may  not  perceiie 

<  the  geoffraphica!  surfaces  of  the  placets,  so  as  to  declare  by  direct  su  \ef, 
?  iheiT  divisions  of  land  and  water,  mountain  and  valley,  and  other  s  ^rieties  of 
J  surface 

}       Even  the  most  superficial  view  of  the  subject  will  render  apparent  some 

J  great  diftculties  which  must  obstruct  such  an  inquiry  with  respect  to  most  of 

?  the  planets    The  very  presence  of  those  atmospheres  and  the  clouds  with  which  \ 

<  they  are  loaded,  offers  a  serious  obstructitjn  to  any  observations  hdMiig  for  J 
?  their  object  to  ascertain  the  geographical  character  of  their  surfaces.  The  < 
J  great  distance  of  some  of  them  is  a  formidable  obstacle  to  such  an  inquiry ; 

J  still,  where  some  peculiar  circumstances  favor  the  observation,  something  has  \ 
\  been  done  in  this  investigation. 

>  Venus  and  Mars,  the  two  planets  in  the  system  which  come  nearest  to  the  i 

<  path  of  the  earth,  are  evidently  the  most  eligible  objects  for  such  an  inquiry,  \ 

>  and  sufficient  has  been  ascertained,  especially  with  regard  to  the  latter  piai! 

<  to  draw  very  closely  indeed  the  lies  of  analogy  by  which  the  planets  are  as 
J  ciated  with  the  earth. 

I  Notwithstanding  the  dense  atmosphere  and  thick  clouds  with  which  Venus  J 
?  and  Mercury  are  constantly  enveloped,  the  existence  of  mountains  of  great  elei  _ 

i  tioa  upon  them  has  been  discovered  ;  but  it  is  upon  the  planet  Mars  that  the  j 

>  most  surprising  advances  have  been  made  in  this  department  of  telescopic  in-  j 
f  quiry.  The  Prussian  astronomers,  Beer  and  Madler,  have  devoted  their  labors  \ 
)  for  many  years  back  to  the  examination  of  Mars,  and  the  result  has  f 
(  possession  of  a  map  of  the  geography  of  that  planet,  almost  as  exact  and  well  ! 
?  defined  as  that  which  we  possess  of  our  own.  In  fact,  the  geographical  outlines  J 
J  of  land  and  water  have  been  made  apparent  upon  it.     Thus  wo  see  that  ii    ' 

>  other  planets  on  which  Hie  clouds  clear  away  sufficiently  to  disclose  (o  our  ^ 
j  their  geographical  nature,  the  surface  is  the  same  as  our  own ;  and  analogy  J 
J  justifies  the  conclusion  that,  if  we  could  get  an  equally  clear  view  of  the  sui 

S  faces  of  the  other  planets,  we  should  find  upon  them  the  same  characteristics 
?  Connected  with  the  observations  of  these  Prussian  astronomers,  as  well  a 
S  those  of  the  younger  Herschel  on  the  planet  Mars,  there  is  a  circumstance  toi 
?  interesting  to  be  passed  without  noticing  it  here.  They  have  discovered,  oi 
j  the  polar  regions  of  that  planet,  an  extensive  deposition  of  snow,  which  i; 
)  found,  in  a  great  degree,  to  melt  away  during  the  summer,  and  to  be  reproducei 
J  during  the  winter. 

}       In  tracing  the  analogies  whieh  prove  the  suitableness  of  the  planets  for  in 
I  habitable  globes,  and  which  connect  them  by  ties  of  kindred  with  the  earth,  1 
j  one  of  the  most  important  and  interestiog  is  dependant  upon  the  quantity  of  j 
(  matter  composing  these  planets,  compared  with  their  volumes  or  bulks.     Let  us  j 
j  see  how  this  affects  the  condition  of  the  organized  creatures  that  dwell  upon  j 

?  All  organized  beings,  whether  animal  or  vegetable,  are  endowed  with  a  ce 
S  laiu  limited  afhonnt  of  bodily  strength.     In  the  case  of  animals,  which  hai 
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powers  of  locomotion,  this  strength  is  regulated  with  reference  to  their  weight,  ) 
and  the  extent  and  quantity  of  motion  necessary  for  iheir  well-being  on  tl 
surface  of  the  globe.     The  structure  of  every  animal  is  such,  in  the  first  plac 
as  to  give  it  strength  to  support  and  move  its  own  body  ;  but  this  is  not  enougl 
it  must  have  a  furflier  amount  of  disposable  force,  to  enable  it  to  supply  its  on 
wants  by  the  pursuit  of  its  prey ;  by  the  collection  of  its  food ;  by  the  erection  of  5 
its  dwelling ;  and,  in  genera!,  by  its  labor  in  the  supply  of  its  physical  wants. 
In  the  case  of  vegetables,  the  strength  must  be  sufficient  to  support  its  weight, 
and  resist  those  external  disturbances  to  which  it  is  exposed — such  as  the  ac- 
tion of  winds  and  other  natural  effects.     But  what,  let  us  ask,  regulates  this  J 
necessary  quantity  of  strength  ?     What  is  the  chief  resistance  which  it  has  to 
overcome  ?     We  answer,  mainly  the  weight  of  the  creature  itself.     But  again  ; 
what  is  this  weight?     It  is  a  force  produced  by  what?     By  the  combined  at- 
tractions of  the  whole  mass  of  mailer  composing  the  globe  of  the  earth,  exer- 
cised upon  the  matter  composing  the  creature  itself;  thus  the  weight  of  a  man 
is  merely  the  amount  of  the  attraction  of  the  globe  of  the  earth  exercised  upon  J 
the  matter  composing  the  body  of  the  man.     The  amount  of  this  attraction, 
therefore,  depends  upon  the  quantity  of  matter  in  the  earth ;  but  not  on  that 
alone  ;  it  is  a  universal  law  of  nature,  that  the  energy  of  the  attraction  exerted  \ 
by  matter,  is  increased  with  the  proximity  of  the  attracted  body  t( 
of  the  attracted  mass.     Now  if  the  matter  composing  the  globe  of  the  earth  ) 
were  condensed  into  half  its  present  bulk,  all  bodies  placed  upon  the  surface, 
being  proportionally  nearer  the  centre,  would  be  attracted  with  greater  energy ; 
and,  on  the  other  hand,  if  the  matter  of  the  earth  were  sweUed  into  a  larger  S 
bulk,  the  distance  of  objects  on  the  surface  from  the  centre  being  proportion- 
ally increased,  the  energy  of  the  attraction  would  be  diminished.    In  the  one  case 
the  weights  of  all  bodies  would  be  augmented,  and  in  the  other  they  would  be 
diminished.     The  weights,  then,  of  bodies  placed  on  the  surface  of  the  earth,  ' 
depend  conjointly  in  the  mass  of  matter  composing  the  earth,  and  < 
density. 

It  is  evident,then,that  the  adaptation  which  we  see  usually  to  prevail  bet  we  ea  { 
the  strength  of  animals  and  plants  and  their  weights,  is,  in  reality,  an  exquisite  J 
harmony  which  is  maintained  between  the  strength  of  these  infinitely  v 
tribes  of  organized  creatures,  and  the  mass  and  density  of  the  globe  upon  which  i 
they  are  placed ;  the  slightest  disturbance  or  change  in  this  relation  would  J 
utterly  derange  the  fitness  of  things,  and  would  render  the  globe  unfit  for  it 
creatures,  and  its  creatures  unfit  for  the  globe.     The  amount  of  attraction,  o 
I  to  use  the  more  familiar  term,  the  weight  of  the  body  on  the  surface  of  the  i 
I  globe,  is,  then,  an  index,  so  to  speak,  to  the  orffanization  of  the  creatures  placed  ? 
I  upon  the  globe.     If  we  would,  then,  inquire  respecting  the  probable  orgar ' 
[  tion  of  the  dwellers  upon  the  planets,  one  of  the  means  of  oiu:  inquiry  would  } 
•  be  to  ascertain  what  would  be  the  weights  of  bodies  upon  their  surfaces.     Physi-  J 
I  cal  science  enables  us  perfectly  to  accomplish  this.     The  m 
I  composing  all  the  planets  have  been  discovered  with  a  great  degree  of  precision. 
I  Their  magnitudes  have  also  been  measured.     Now,  to  ascertain  the  weights  of  ) 
I  bodies  placed  upon  the  surface  of  any  of  them,  it  is  only  necessary  to  consider  J 
I  their  masses  and  their  magnitudes.     The  weight  of  a  body  placed  upon  any  { 
planet  is  greateror  less,  ciE;er!>^ari6uj,  than  the  weight  of  a  body  placed  upon  the 


earth,  just  in  proportion  as  the  mass  of  matter  in  the  ph 
the  mass  of  matter  in  the  earth.  If  the  distance  from  the 
the  planet  be  double  the  corresponding  distance  in  the  < 
the  weight  of  bodies  upon  its  surface  would, 
times  less  than  in  the  case  of  the  earth.  But  if,  at  the  f 
matter  in  the  planet  were  sixteen  times  greater  than  the 
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S  ewth,  then  tke  weight  of  bodies  on  the  planet,  on  that  account  alone,  would  be  5 
een  times  greater.  The  weight,  then,  on  the  one  score,  would  be  sixteen  J 
js  greater,  and  on  the  other,  four  times  less  ;  the  result  being  that  the  actual  f 
J  weight  under  such  circumstances,  would  be  four  times  greater  than  upon  the  J 
}  earth.  Such  are  the  principles  by  which  may  be  calculated  the  weights  of  5 
J  bodies  upon  the  surfaces  of  the  different  planets.  It  has  been  found  that  the  S 
}  weights  of  bodies  on  the  surfaces  of  Mercury,  Venus,  and  Saturn,  are  nearly  } 
J  the  same  as  upon  the  earth ;  that  upon  Mercury  they  are  one  half  less,  and  on  i 
)  Jupiter  three  times  more.  Thus  it  is  apparent  that  there  are  no  very  extreme  5 
I  deviations  in  weight,  comparing  the  surface  of  one  planet  with  another,  and  j 
j  hence  we  are  led  to  infer  the  probability  of  an  organization  not  very  diiTerent  / 
t  upon  the  several  planets.  J 

Wo  have  already  explained  by  how  easy  means  the  great  variety  of  light  f 
(  and  warmth  conveyed  to  the  different  planets  by  the  sua  may  be  practically  J 
?  equalized,  by  the  adaptation  of  the  organization  of  the  eye,  and  the  regulation  J 
i  of  the  densi^  of  the  atmosphere.  Since,  however,  this  difference  in  the  physi-  J 
?  cal  condition  of  the  planets  excites  usually  much  attention,  it  may  be  weJl  here,  j 
!  before  closing  this  discourse,  to  enlarge  somewhat  further  on  this  point.  J 

j  The  principles  of  optics  prove  that  the  sun's  light  will  be  less  upon  the  ? 
j  planet  Mars  than  upon  the  earth,  in  the  proportion  of  one  to  tivo.  Jupiter  will  J 
j  receive  about  twenty-five  times,  and  Saturn  about  one  hundred  times  less  ? 
j  warmth  than  the  earth  does,  while  the  diminution  in  the  case  of  the  most  re-  J 
;e  planet,  Herschel,  will  be  nearly  four  hundred  fold ;  on  the  other  hand,  J 
I  Venus  and  Merciury,  being  nearer  to  the  sun  than  the  earth,  the  one  will  re-  J 
'  re  twice,  and  the  other  seven  times,  as  much  light  and  warmth  as  the  earth  } 
s.  The  apparent  magnitude  of  the  sun  to  these  planets  will  be  in  the  same  i 
J  proportion.  To  Jupiter  it  will  have  an  apparent  diameter  five  times  less  than  } 
0  the  earth.  To  Saturn  the  diameter  will  be  ten  times  less,  and  to  the  planet  S 
!  Herschel  nearly  twenty  times  less.  t 

j  The  apparent  magnitude  of  the  sun  as  we  behold  it  is  measured  by  an  angle  > 
5  of  about  thirty  minutes  ;  consequently,  to  the  inhabitants  of  the  planet  Herschel  I 
J  it  will  appear  under  an  angle  less  than  two  minutes,  or  about  three  times  the  J 
e  of  Jupiter  when  that  planet  appears  the  largest  and  brightest.  We  should,  { 
i  however,  loan  a  very  erroneous  estimate  of  the  actual  light  of  the  sun  under  j 
)  these  circumstanes  by  these  comparisons.  It  shines  by  its  own  light,  whereas  ( 
!  the  objects  with  which  it  is  attempted  to  be  compared  shine  with  reflected  i 
j  light.  The  full  moon  has  the  same  apparent  magnitude  as  the  sun,  the  differ-  j 
j  ence  being  that  the  one  shines  with  direct,  and  the  other  with  reflected  light ;  i 
j  how  much  is  lost  in  splendor  on  this  score  may  be  judged,  when  we  state  that  j 
i  the  light  of  the  full  moon  is  three  hundred  thousand  times  less  than  that  of  the  ( 
j  sun  ;  we  may  also  form  some  guess  at  the  effect  of  the  sun's  light,  even  at  the  j 
1  most  remote  planet,  Herschel,  when  it  is  stated  that  it  gives  a  light  equal  nearly  i 
j  to  that  of  a  thousand  full  moons.  J 

f  we  could  actually  behold  the  day  of  Saturn  and  Herschel  on  the  one  i 
j  hand,  and  of  Mercury  and  Venus  on  the  other,  we  should  be  surprised  how  j 
j  disproportionate  to  their  numerical  representation  their  apparent  splendor  would  ( 
I  be.     The  eye  is  a  bad  pholomeier.     In  a  solar  eclipse,  in  which  half  the  sun's  ( 
j  disk  is  covered,  we  are  scarcely  sensible  of  diminished  light ;  and  even  when  J 
(  the  eclipse  is  nearly  total — when  only  a  thin  crescent  of  the  sun  remains  un-  ! 
J  covered — there  is  still  the  broad  light  of  day,  though  very  sensibly  diminished  1 
'n  splendor.     A  thick  covering  of  clouds  upon  the  firmament  produces  an  im-  j 
nense  numerical  diminution  of  the  light  of  day,  yet  we  suffer  no  inconveni-  i 
mce  in  being  exposed  to  all  the  varying  degrees  of  splendor  l-etween  that  and  < 
he  unclouded  radiance  o" 
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low  various  may  he  the  circumstances  of  climate  and  temperature  in  plac 

?  receiving  exactly  tie  same  influences  from  the  sun's  rays,  will  be  apparent  by  J 

reference  to  the  tropical  regions  of  our  own  globe.      There  under  the  same  ! 

fiuences  of  the  same  solar  heat,  we  have  in  different  elevaiiona  every  variety  J 

J  of  climate  and  temperature.     On  the  general  surface,  near  the  elevation  of  the  \ 

,  we  have  the  fierce  climate  of  Ae  torrid  zone  ;    we  have  only  to  asc 

mountains  to  a  certain  height,  to  behold  the  trees,  fruits,  and  fiowers,  of  the  \ 

t  temperate  zone;  while  at  a  still  greater  elevation,  we  encounter  all  the  at 

J  spheric  phenomena  and  vegetable  productions  of  the  frigid  zone.     In  the  low  I 

valleys  of  the  Andes  are  rich  bananas  and  palms,  while  the  elevated  parts  of  j 

the  range  produce  oaks,  firs,  and  the  tribes  common  to  the  north  of  Europe.  ( 

(  The  oak  flourishes  on  them  at  elevations  varying  from  six  to  ten  thousand  f 

.     At  fifteen  thousand  feet  of  height  vegetation  disappears,  save  the  lichen 
{  and  then  we  eater  the  solitude  of  everlasting  snow,  in  which  every  living  thing  J 
(  disappears. 

'iow  easy,  then,  and  how  natural,  is  it  not,  to  conc,eive  that  atmospheric  ar 
i  rangements  like  those  which,  under  a  tropical  stm,  produce  at  certain  eleva 
J  tions  the  moderate  temperature  of  our  own  climate — at  others,  less  or  greater 
}  the  fierce  heat  of  the  line,  or  the  rigor  of  the  poles — may  be  the  means  o( 
t  modifying  the  varieties  of  effect  which  would  be  produced  in  different  planete  } 
j  by  their  different  distances  from  the  sun  !  ( 

Such  is,  then,  the  brief  view  which  we  offer  of  that  vast  body  of  analogy  S 
S  which  leads  the  intelligent  and  reflecting  mind,  that  loves  to  see  the  most  ex 
t  alted  attributes  of  Divine  power  manifested  throughout  all  parts  of  creation,  tc 
!  the  conclusion  that  the  planets  are  worlds,  fulfilling  in  the  economy  of  the  uni 
se  the  same  functions,  and  are  created  by  the  same   Divine  hand,  for  the  S 
le  moral  purposes,  and  with  the  same  destinies,  as  the  earth. 
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THE   SUN. 


Although  perhaps  the  moon  is  the  ohject  among  the  heavenly  bodies 
which  presents  the  subject  of  most  interesting  inquiry  to  the  world  in  general, 
yel,  to  the  thoughtful  and  contemplative  mind,  the  Sun  is  undoubtedly  one  of 
vastly  superior  interest.  The  sun — the  fountain  of  light  and  life  to  a  family 
of  circumvoJviiig  worlds— the  inexhaustible  store  of  genial  wannth  by  which  the 
countless  tiibes  of  organized  beings  that  people  these  globes  are  sustained — 
the  physical  bond  whose  predominating  attraction  gives  stability,  uniformity, 
and  harmony,  to  the  movements  of  the  entire  planetary  system  :  to  collect  to- 
gether in  a  brief  compass  the  information  which  modern  scientific  research  has 
Blipplied  relating  to  this  body,  cannot  be  otherwise  than  an  interesting  and 
agreeable  task. 

DISTANCE    OF    THE    SITN. 

_  When  we  direct  our  inquiries  to  any  object  in  the  heavens,  the  first  ques- 
(  tions  which  present  themselves,  naturally  to  us  are,  "  What  is  its  distance, 
j  magnitude,  motion,  and  position  V     When  we  say  that  the  distances  of  the  J 
i  bodies  composing  the  solar  sj^tem  can  be  measured  with  the  same  degree  { 
(  of  relative  accuracy  with  which  we  ascertain  the  distances  of  bodies  on  the  j 
i  surface  of  the  earth,  those  who  are  unaccustomed  to  investigations  of  this  j 
I  kind  usually  receive  the  statement  with  a  certain  degree  of  doubt  and  incredu- 
lity ;  they  cannot  conceive  how  such  spaces  can  be  accurately  measured,  or  { 
(  indeed  measured  at  all.     Thus,  when  they  are  told  that  the  sun  is  at  a  distance  J 
j  from  the  earth  amounting  to  nearly  100,000,000  of  miles,  the  mind  instantly  rt 
j  volts  from  the  idea  that  such  a  space  could  be  exactly  ascertained  and  esti 
mated.     Yet,  let  us  ask,  why  this  difficulty  ?  whence  this  incredulity  ?     Is 
l  because  the  distance  thus  measured  is  enormously  great  ?    Greater  transcend-  } 
>  enlly  than  any  distance  we  are  accustumed  to  contemplate  upon  our  own  globe  ? 
(  To  this  we  reply  that  the  magnitude  of  a  distance  or  space  does  not  constitute 
)  of  itself  any  difficulty  in  its  admeasurement.     Nay,  on   the   contrary,  it  is 
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often  the  case  that  we  are  able  to  measure  large  distances  with  greater  a 
curacy  than  small  ones  ;  this  is  frequently  so  in  3ie  surveys  conducted  on  the  5 
surface  of  our  own  globe.  If,  then,  the  greatness  of  the  magnitudes  does  not  J 
constitute  of  itself  any  difficulty,  to  what  are  we  to  ascribe  the  doubt  entertained  ( 
by  the  popular  mind  in  regard  to  such  measurement  T  It  will,  perhaps,  be 
replied  that  the  object,  whose  distance  we  claim  to  have  measured,  is  inacces-  ) 
sible  to  us  ;  that  we  cannot  travel  over  the  intermediate  space,  and  therefore'  ) 
cannot  be  conceived  to  measure  it.  But  again,  let  us  ask  whether  this  cir- 
cumstance of  being  inaccessible  constitutes  any  real  difficulty  in  the  measure- 
ment of  the  distance  of  an  object  ?  The  military  engineer,  who  directs  his  ? 
projectiles  against  the  buildings  within  a  town  which  is  besieged,  can,  as  we  J 
well  know,  level  them  so  as  to  cause  a  shell  to  drop  on  any  individual  building  ) 
which  may  have  been  chosen.  To  do  this,  he  must  know  the  exact  distance  J 
of  the  building  from  the  mortar.  Yet  the  building  is  inaccessible  to  him  ;  the  ) 
walla  of  the  town,  the  fortifications,  and  perhaps  a  river,  intervene.  Yet  he  S 
finds  no  difficulty  in  measuring  the  distance  of  mis  inaccessible  building.  To  ? 
accomplish  this,  he  lays  down  a  space  upon  the  ground  he  occupies,  called  the  J 
base  line,  from  the  extremities  of  which  he  takes  the  bearings  or  directions  of  J 
the  building  in  question.  From  these  bearings,  and  from  the  length  of  the  J 
base  line,  he  is  enabled  to  calculate  by  the  most  simple  principles  of  geometry  j 
and  arithmetic  the  distance  of  the  building  in  question.  Now  imagine  the  ( 
building  in  question  to  be  the  sun,  and  the  base  line  to  be  the  whole  diameter  ) 
of  the  globe  of  the  earth .  in  what  respect  would  the  problem  be  altered  ?  The  J 
building  within  the  town  is  inaccessible — so  is  the  sun  ;  the  base  line  of  the  ? 
engineer  is  exactly  known — so  is  the  diameter  of  the  earth  ;  the  bearings  of  ! 
'     building  from  the  ends  of  the  base  line  are  known — so  are  the  bearings  of  ( 

sun's  centre  from  the  extremes  of  the  earth's  diameter.     The  problems 
in  fact,  identical ;  they  differ  in  nothing  except  the  accidental  and  unimportant  i 
tnce  of  ^e  magnitudes  of  the  lines  and  angles  that  enter  the  question,  i 
In  short,  the  measurement  of  distances  of  objects  in  the  heavens  is  effected  j 
upon  principles  in  all  respepts  similar  to  those  which  govern  the  measurement  i 
of  distances  upon  the  earth  ;  nor  are  they  attended  with  a  greater  difficulty,  or 
extensive  sources  of  error. 
By  such   means,   then,  it   has  been  ascertained  that  the  distance  of  the 
nfrom  the  earth  is  about  100,000,000  of  miles.     The  distance  is  more  ex- 
itly  95,000,000  of  miles  ;  but  let  me  counsel  those,  who  for  the  mere  pur- 
pose of  general  information,  and  without  any  strictly  or  scientific  object,  study  i 
subjects  of  this  nature,  to  be  content  to  confine  themselves  generally  to  round  i 
numbers — they  are  more  easily  remembered,  and  answer  all  purposes  as  well ; 
"     this  reason  I  shall,  in  the  course  of  these  discourses,  generally  adopt,  in 

expression  of  distances,  magnitudes,  motions,  and  times,  the  nearest  round  J 
numbers. 


JUQNITDDE   OF   THE   SUN. 

g  explained  the  distance  of  the  sun,  let  us  now  see  how  its  magnitude  ) 
a  be  ascertained.  There  is  one  general  principle  by  which  the  magnitudes  f 
5  of  aU  the  heavenly  bodies  can  be  ascertained  when  their  distance  is  known.  ) 
S  This  is,  in  fact,  accomplished  by  the  device  of  comparing  ihem  with  some  ob-  J 
J  ject  of  known  magnitude  and  which  at  any  known  distance  will  have  the  ss 
\  apparent  size.  As  this  is  important,  considered  as  a  general  principle  applied  ( 
j  to  all  objects  in  the  heavens,  it  may  not  be  uninteresting  to  develop  it  soi 
J  what  fully  in  its  application  to  the  present  object,  the  sun. 
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)       The  common  observalion  of  every  one  who  directs  his  view  to  the  heavens,  ' 
(  will  inform  him  of  the  fact  that  the  sun  and  full  moon  appear  to  be  of  the  sa 
S  size.     The  mere  effect  of  ordinary  visual  observation  is,  perhaps,  enougl 
?  establish  this  ;  but  if  more  be  desired,  instruments  expressly  adapted  to  me 
S  ure  the  apparent  magnitudes  of  objects  may  be  applied.     We  are  also  c... 
J  firmed  in  the  fact  by  the  consideration  of  the  well-known  phenomena  of  solar  \ 
i  echpses.     A  solar  eclipse  is  produced  by  the  interposition  of  the  globe  of  the  ] 
(  moon  between  the  eye  and  the  globe  of  the  sun.     The  eclipse  is  said  to  be  \ 
)  central  when  the  centre  of  the  moon  is  directly  in  line  betweep  tho  eye  and  J 
(  the  centre  of  the  sun.     When  this  takes  place  we  find  that  the  globe  of  the  \ 
j  moon  generally  covers,  pretty  exactly  that  of  the  sun.     Owing,  however,  t( 
(  slight  variation  in  the  apparent  size  of  these  bodies,  from  a  cause  that  we  shall  J 
)  explain  on  another  occasion,  the  moon  at  one  time  a  little  more  than  covers  the 
C  sun  and  at  another  time  a  httle  less.     In  short,  the  average  apparent  magnitude 
S  of  these  bodies  are  the  same,  the  one  exactly  covering  or  concealing  the  other. 
I       But  we  have  already  stated  that  the  distance  of  the  moon  is  only  a  quarter  I 
?  of  a  million  of  miles.     It  appears,  then,  that  the  distance  of  the  sun  is  four  } 
(  hundred  times  greater  than  that  of  the  moon  ;  yet  these  two  globes  appear  t 
\  the  eye  to  be  of  the  same  magnitude.     The  sun,  notwithstanding  its  being  four  ! 
(  hundred  times  farther  off,  appears  just  as  largo  as  the  moon.     What,  then,  an 
)  we  to  infer  respecting  its  real  magnitude  ?     If  the  sun  were  really  equal  ii 
J  magnitude  to  the  moon,  it  would  assuredly  appear  four  hundred  times  less  at  fou 
}  hundred  times  a  greater  distance:  but  as  at  that  greater  distance  it  does  not  ap 
J  pear  less  or  greater,  but  of  the  same  magnitude,  the  irresistible  concjusioi 
J  level  to  the  apprehension  of  any  understanding,  is,  that  the  sun  must  in  reality  i 
\  be  four  hundred  times  greater  in  its  diameter  than  the  moon.     If  it  were  less,  j 
J  at  four  hundred  times  the  moon's  distance,  it  would  appear  less  than  that  of  the  J 
■e  greater,  at  that  distance  it  would  appear  greater.     It  follows,  ■ 
)  then,  that  whatever  be  tiie  magnitude  of  the  diameter  of  the  moon,  the  diame- 
(  ter  of  the  sun  must  assuredly  be  four  hundred  times  greater.     Now  it  has  been 
)  ascertained  by  absolute  measurement  that  the  diameter  of  the  moon  measures  ) 
i  about  two  thousand  miles.      If  we  multiply  this  by  four  hundred  we  shall  ob- 
1  tain  eight  hundred  thousand  miles,  which  is,  therefore,  the  diameter  of  the  sun. 
These  calculations  have  been  made  roughly  and  in  round  numbers  ;  more  ac- 
curately, the  diameter  of  the  sun  measures  888,000  miles,  but  as  we  recom- 
i  mend  the    adoption  of  round   numbers,    we    shall    call  the  sun's  diameter  \ 
I  900,000  miles.     Such  is  the  stupendous  mass  placed  in  the  centre  of  the  sys- 
J  tem  which,  by  its  attraction,  coerces  the  movements  of  the  planets. 

Such  magnitudes  are  so  far  beyond  all  the  ordinary  standards  with  which  we 

ire  familiar,  that  ihe  imagination  is  confounded  in  its  efforts  lo  form  to  itself  any  J 

(  distinct  conception  of  them.     Let  us  see  whether  we  may  not  find  some  illus-  ) 

1  which  will  aid  the  understanding  in  conceiving  the  dimensions  of  this  j 

nse  globe.  We  know  that  the  earth  is  a  globe  whose  diameter  is  eight  j 
J  thousand  miles,  and  that  the  moon  holds  its  monthly  course  around  it  at  the  dis- 
(  tance  of  about  a  quarter  of  a  million  of  miles.  Let  us  suppose  the  centre 
)  of  the  earth  at  E.,  placed  at  the  centre  of  the  sun.  Let  the  moon,  M., 
J  hold  its  monthly  course  around  it,  the  distance  from  M.  to  E.  will  then  be 
)  about  two  hundred  and  fifty  thousand  miles,  but  the  surface  of  the  sun,  S.,  is 
■  a  distance  from  its  centre  E.  a  little  less  than  four  hundred  and  fifty  ihou- 
Consequently  it  follows  that  the  earth  and  its  moons  would  thus  j 

>t  only  continued  witliin  the  globe  of  the  sun,  but  the  surface  of  the  s 
\  would  even  then  be  two  hundred  thousand  miles  outside  the  monthly  orbit  of  j 

,oon.     The  sun  would,  in  fact,  contain  the  moon  and  earth  within  it,  i     ' 

a  couple  of  hundred  thousand  miles  to  spare  ! 
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e  have  hitherto  only  spoken  of  the  diameter  of  the  sun  ;  let  us  r 
j  consider  its  hulk.    When  we  know  the  diameters  of  two  globes  we  can  alv/t 
\  by  aTi  easy  operation  of  arithmetic,  estimate  theirbulks.  Thus,  if  one  globe  h        ^ 
a  diameter  double  another,  the  bulk  of  the  former  will  be  eight  times  that  of  i 
e  latter.     If  the  diameter  be  ten  times  greater,  the  bulk  will  be  a  thousand  J 
d  greater,  and  so  on.     Now  we  know  that  the  diameter  of  the  sun  is  about  ( 
5  one  hundred  and  twelve  times  greater  than  that  of  the  earth,  from  which  v 
\  infer,  by  the  same  principles   of  arithmetic,  that  the  bulk  of  the  sun  must  be  J 
)  very  nearly  one  million  four  hundred  thousand  times  the  bulk  of  the  earth.   To  i 
<  make  a  globe  like  the  sun,  it  would  then  be  necessary  to  roll  one  million  ; 
J  four  hundred  thousand  globes  like  the  earth  into  one  !     It  is  found  by  consid- 
ing  the  bulks  of  the  different  planets,  that  if  all  the  planets  and  satellites  in 
f  the  solar  system  were  moulded  into  a  single  globe,  that  globe  would  still  not  J 
d  the  five  hundredth  part  the  globe  of  the  sun  :  in  other  words,  the  bulk  ( 
j  of  the  sun  is  five  hundred  times  greater  than  the  aggregate  bulk  of  all  the  rest  j 
j  of  the  bodies  of  the  system. 


The  astronomer,  however,  is  called  upon  to  execute  processes  more  difficult  < 
S  and  yet  no  less  indispensable,  than  ihe  mere  measurement  of  distances  and  ) 
5  magnitudes.     If  we  desire  to  know  the  quantities  of  matter  composing  those  J 
(  distant  orba,  we  must  not  merely  measure  their  magnitudes  and  fathom  thei 
{  distances,  but  we  must  wing  our  flight,  in  imagination,  across  those  vast  dis 
\  tances  which  separate  us  from  them  and  weigh  their  stupendous  masses.     Il 
}  the  popular  student  finds  it  difficult  to  believe  and  comprehend  how  we  cai 
)  measure  distances  and  magnitudes  such  as  those  of  the  heavenly  bodies,  how  7 
]  much  more  will  he  be  confounded  when  he  is  assured  that  we  have  at  our  dis-  s 
a  balance  of  the  most  unerring  exactitude  in  which  we  can  place  those  \ 
{  vast  orbs  and  poise  them  !     The  globe  of  the  sun  itself,  trans cendently  greater 
f  than  the  earth  and  all  the  planets  put  together,  is  weighed  with  as  great  relative 
5  precision,  as  that  with  which  the  chemist  in  his  analysis,  estimates  the  weights 
\  of  the  constituents  of  the  bodies  which  pass  under  his  hands.     As  the  g 
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!  principles  by  which  the  weights  of  the  bodies  of  the  universe  are  ascertained  I 
's  in  spirit  the  same  for  all,  it  may  be  worth  while  here  to  explain  the  method, 
mce  for  all,  in  its  application  to  the  sun. 

When  a  body  revolves  in  a  circle,  we  know  from  common  and  familiar  es- 
leriments  that  it  has  a  tendency  to  By  from  the  centre  of  the  circle,  which  { 
endency  is  greater  the  more  rapidly  the  body  revolves  and  the  greater  its  ■ 
ance  from  the  centre.     The  boy  who  whirls  a  slone  in  a  sling  is  conscious  } 
i  of  this  physical  truth.     The  stone,  as  it  revolves,  stretches  the  string  with  a 
ertain  definite  force ;  this  force  is  not  in  the  gravity  of  the  stone,  for  it  would  ) 
B  equally  manifested  if  the  stone  revolved  in  a  horizontal  plane.     It  is  tbat  \ 
i  tendency  which  we  have  just  adverted  to,  and  which  is  technically  called  ci 
I  trifugal  force.    If  you  increase  the  velocity  with  which  the  stone  is  whirled  ? 
(  round,  yon  wiU  find  the  string  wilt  be  more  and  more  tightly  stretched,  and  J 
)  you  may  augment  the  velocity  to  such  an  extent  as  to  break  the  string.     If  you  } 
J  lengthen  or  shorten  (he  string,  preserving  the  same  velocity  of  rotation,  yon  will  J 
)  find  that  the  tendency  to  stretch  the  string  will  be  proportionally  increased  or 
J  diminished  ,  in  short,  a  fi\ed  rule  or  law,  a.i  it  is  called,  will  be  easily  discov- 
j  ered  by  a  series  of  simple  e\penmenls  which  wil'  enable  us  to  predict  how  J 
j  much  the  stnng  will  be  stretched,  provided  we  know  the  distance  of  the  J 
?  revolving  weight  from  the   centre  of  the  circle  and  the  time  it  takes  to  make 
{  each  revolution 

To  apply  this  general  pnncipie,  then,  to  the  case  before  us,  let  it  be  consid- 
i  ered  that  the  moon  in  lis  monthly  course  revolves  in  a  circle  round  the  centre 
}  of  the  earth      We  know  its  distance  and  we  know  the  time  which  it  takes  to 
i  make  each  resolution,  we  are  therelore  in  a  condition  to  declare  with  what  J 
(  force  it  would  stretch  a  string,  tying  it  to  the  centre  of  the  earth.     That  the  \ 
J  moon  exercises  such  a  force  cannot  then  be  doubled.  But  on  what,  it  will  be 
isked,  IS  that  force  expended  ?     There  is  no  string,  rod,  or  any  other  material  { 
)T  tangioie  connection  between  the  moon  and  the  centre  of  the  earth.'    And  j 
?  yet  the  moon  is  held  as  firmly  and  steadily  in  its  circular  course  round  the  j 
J  eanh,  as  if  it  were  tied  to  the  centre  by  a  string.     In  the  absence  of  the  string  i 
)  tSiere  must  then  be  some  physical  agency  which  plays  its  part ;  there  musi 
J  something  to  resist  that  tendency  which  the  string,  if  there,  would  have  res 
)  ed.     That  something  was  discovered  by  Newton  to  be  the  attraction  of  the  j 
(  earth's  gravitation  exercised  upon  the  moon  and  holding  the  moon  in  its  cir- 
(  cular  orbit,  in  the  same  manner  that  it  would  be  held  by  the  string  which  has 
u  just  described.     As  we  know,  by  the  simple  mechanical  law  above  ex- 
1  plained,  the  force  with  which  that  string  would  be  stretched  by  the  moon  in 
f  this  case,  we  are  enabled  by  the  same  principle  to  say  what  is   the  amount  J 
j  of  attractive  force  which  the  earth  exercises  upon  the  moon  to  keep  it  in 
{  monthly  orbit. 

"n  this  manner,  in  general,  we  are  enabled  to  estimate  the  force  of  attraci 
)  which  a  central  mass  exercises  upon  another  body  revolving  in  a  circle  ro 
t  at  a  known  distance,  and  in  a  known  time. 

While,  on  the  one  hand,  we  know  the  distance  and  time  of  the  moon's  re 

ution  round  the  earth,  we  also  know  the  distance  and  time  of  the  earth's  re 

ution  round  the  sun.     We  are  thus,  allowing  for  the  diff'erence  of  the  two  ) 

(  distances,  in  a  condition  to  compare  the  actual  amount  of  attraction  which  the  J 

J  earth  and  the  sun  respectively  exercise  upon  bodies  revolving  round  them,  and  ? 

e  find,  accordingly,  that  the  attraction  exercised  by  the  sun  upon  any  body  I 

)  is  greater  than  the  attraction  that  would  be  exercised  by  the  earth  upon  the  J 

le  body  in  a  like  position,  in  the  proportion  of  three  hundred  and  fifty  tbou- 
;  sand  to  one.     But  as  these  attractions  are,  in  fact,  produced  by  the  respective 
ises  of  matter  composing  ihe  sun  and  the  earth,  it  follows  that  the  weight  J 
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i  of  the  siiii,  or  what  is  the  same,  the  mass  of  matter  composing  it,  is  three  hun- 
i  drfid  and  fifty  thousand  times  greater  than  the  the  mass  of  matter  or  weight  ) 
)  of  the  earth. 

To  make  a  globe  as  heavy  as  the  sun,  it  would  then  be  necessary  to  aggh 
nerate  into  one  three  hundred  and  fifty  thousand  globes  like  the  earth 


Having  ascertained  the  weights  and  bulks  of  the  bodies  of  the  universe,  ■ 
ire  in  a  condition  to  determine  their  densities,  and  thus  to  obtain  some  clue  t( 
>  knowledge  of  their  constituent  materials.     We  have  seen  that  while  the  bulk  j 
(  of  the  sun  is  about  one  million  and  four  hundred  thousand  times  greater  than  { 
)  that  of  the  earth,  its  weight  is  greater  in  the  much  less  proportion  of  three  hun- 
J  died  and  fifty  thousand  to  one.     Let  us  see  to  what  inference  this  leads  in  re- 
i  lo  he  nature  of  the  matter  that  composes  the  sun.    If  the  materials  of  the  » 
e  e  similar  to  those  of  the  earth,  its  weight  would  necessarily  be  greater 
ban  ha  of  the  earth  in  the  same  proportion  as  its  bulk,  and  in  that  case,  of 
se    1  e  weight  of  the  sun  would  be  one  million  and  four  hundred  thousand  ( 
3s  hd  of  the  earth.     But  it  is  not  nearly  so  great  as  this  ;  on  the  contrary,  ' 
i  mu  h  iesB.     Consequently,  it  follows  that  the  constituent  materials  of  ! 
sun  a  e  lighter  than  those  of  the  earth  in  the  proportion  of  about  four  to  ) 
The  density  of  the  sun  is,  therefore,  very  nearly  equal  to  that  of  water, 
)  and  consequently,  the  weight  of  the  solar  orb  is  equal  to  the  weight  of  a  globe 
J  ot  he  same  magnitude  composed  altogether  of  water. 


Although  to  minds  unaccustomed  to   the  rigor  of  scientific   research,  : 
might  appear  sufficiently  evident,  without  further  demonstration,  that  the  su 
is  globular  in  its  form,  yel  the  more  exact  methods  pursued  in  the  investiga-  i 
tion  of  physics  demand  that  we  should  find  more  conclusive  proof  of  the  sphe- 
ricity of  the  solar  orb  than  the  mere  fact  that  the  disk  of  the  sun  is  always  cir- 
cular.    It  is  barely  possible,  however  improbable,  that  a  flat  circular  disk  of  J 
matter,  the  face  of  which  should  always  be  presented  to  tlie  earth,  might  be 
the  form  of  the  sun  ;  and  indeed  there  are  a  great  variety  of  i»tlicr  forms  which, 
by  a  particular  arrangement  of  their  motions,  might  present  to  the  eye  a  circu- 
lar appearance  as  well  as  a  globe  or  sphere.     To  prove,  liipji,  that  a  body  is 
globular,  something  more  is  necessary  than  the  mere  fact  that  it  always  appears  \ 
circular. 

When  a  telescope  is  directed  to  the  sun,  we  discover  upon  it  certain  marks 
or  spots,  of  which  we  shall  speak  more  fully  presently.      We  observe  that  J 
these  marks,  while  ihey  preserve  the  same  relative  position  with  respect  to  J 
each  other,  move  regularly  from  one  side  of  the  sun  to  the  other.    They  disap- 
pear, and  continue  to  be  invisible  for  a  certain  time,  come  into  view  again  on  the 
other  side,  and  so  once  more  pass  over  the  sun's  disk.    This  is  an  effect  which  ! 
would  evidently  be  produced  by  marks  on  the  surface  of  a  globe,  the  globe  < 
itself  revolving  on  an  axis,  and  carrying  these  marks  upon  it.     That  this  is,  in  ( 
fact,  the  case,  is  abundantly  proved  by  the  fact  that  the  periods  of  rotation  for  j 
all  these  marks  are  found  to  be  exactly  the  same,  viz.,  about  twenty-five  and  a  j 
half  days.    Such  is,  then,  the  time  of  rotation  of  the  sun  upon  its  axis,  and  that  j 
it  is  a  globe  remains  no  longer  doubtful,  since  the  globe  is  the  only  body  which,  J 
while  ii  revolves  with  a  motion  of  rotation,  could  always  present  the  circular  J 
appearance  to  the  eye.     The  axis  on  which  the  sun  revolves  is  very  nearly  J 
perpendicular  to  the  plane  of  the  earth's  orbit,  and  the  motion  of  rotation  of  the  J 
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n  upon  the  axis  is  iii  tho  same  c 
{  the  sun,  that  is  xo  say,  from  west  t( 


B  motion  of  ihe  planets  round  J 


One  of  the  earliest  fruits  of  the  invention  of  the  telescope  was  tte  discover 
J  of  the  spots  upon  the  sun,  and  the  examination  of  these  has  gradually  led  to 
(  knowledge  of  the  physical  constitution  of  the  centre  of  our  system. 

When  we  submit  a  solar  spot  to  telescopical  examination,  we  discover  it 
j  appearance  to  be  that  of  an  intensely  black  irregularly-shaped  patch,  edged  with  J 
1  a  penumbral  fringe,  the  brightness  of  the  general  surface  of  the  sun  gradually  ) 
!  fading  away  into  the  blackness  of  the  spot.    When  a  spot  is  watched  for  a  con- 
)  siderable  time,  it  is  found  to  undergo  a  gradual  change  in  its  form  and  magni- 
\  tude  ;  at  first  increasing  gradually  in  size,  until  it  attains  some  definite  limit  of  J 
lagnitude  when  it  ceases  to  increase  and  soon  begins  ou  the  contrary  to  ? 
imhdd  g  dllyllhhbhdj 

Ig  pohdkphddlfi  mp  dfiUyJ 

pp  Igh         Thpdhhlpb  Ifm  f' 

aptsgrdllg  bq  d  dfildp 

ry  S  P  PP  d  d     pp  y      p  dl 

chlhhldf  kd  fmhTlrogd 

Jofhp  pp  h<ndfh  If     Ah 

f    h  p       h    m  1      f  wh    h  Id  b    b      ly        bl 

1  dm  ff  dddjml  d  f 

ddd  h  dq  mlhihhfh  11 

h         1  fhunwfah         Idbd  ly  4.  h 

jp  hhhb  dl  b         dbMyh 

fhh  bfif         hddlb  fmlq  b 

J  ih    y  h         f         i  h  h 

Ip  13  h       b  as       llj  11  p  f  h  b      h 

J  wh    h  h  y        i  imd  Hyp         I  hhrrpd         hh 

Jtplptsfh  hh  p  d  b        hiydg 

5  either  side  of  the  solar  equator. 
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CONSTITUTION   OF   THE    SUN. 

Wh  a  h  pots  ?  Two,  and  only  two,  suppositions  have  been  proposed  < 
to  expl  n  h  n  One  supposes  tliem  to  be  scoriiE,  or  dark  scales  of  incombus-  S 
tib!    m  fl       ng  on  the  general  surface  of  ihe  sun.     The  other  supposes 

then       be    x  ns  in  the  himiuous  matter  which  coals  the  sun,  the  dark  } 

part  of  the  ^pot  being  a  part  Of  the  solid  non-luminoua  nucleus  of  the  sun. 
this  latter  supposition  it  is  assumed  that  the  physical  constitution  of  the  sui 
a  solid  non-luminous  globe,  covered  with  a  coating  of  a  certain  thickness  of  lu-  { 
minous  matter.  This  latter  supposition  has  been  in  a  great  measure  demon-  , 
strated  by  continued  and  accurate  observations  on  the  spots.  ' 

That  the  spots  are  excavations,  and  not  mere  black  patches  on  the  surface,  ! 
is  proved  by  the  following  observations  :  If  we  select  a  spot  which  is  at  the  | 
centre  of  the  sun's  disk,  having  some  definite  form,  such  as  that  of  a  circle,  and  i 
watch  the  appearance  of  the  saipe  spot  when,  by  the  motion  of  the  sun  upon  J 
its  axis  it  is  carried  toward  the  edge,  we  find,  first,  that  the  circle  becomes  a 
oval.     This,  however,  is  what  would  be  expected  even  if  the  spot  were 
circular  patch,  inasmuch  as  a  circle  seen  obliquely  is  foreshortened  into  an  ova 
But  we  find  that  as  the  spot  moves  toward  the  side  of  the  sun's  limb,  the  black  J 
patch  gradually  disappears,  the  penumbral  fringe  on  the  inside  of  the  spot  be- 
comes invisible,  while  the  penumbral  fringe  on  the  outside  of  the  spot  increases  J 
in  apparent  breadth,  so  that  when  the  spot  approaches  the  edge  of  the  sun, 
only  part  that  is  visible  is  the  external  penumbral  fringe.     Now  this  is 
actly  what  would  occur  if  the  spot  were  an  excavation.    The  penumbral  fringe  ) 
is  produced  by  the  shelving  of  the  sides  of  the  excavation,  sloping  down  lo  its  j 
dark  basis.     As  the  spot  is  carried  toward  the  edge  of  the  sun,  the  height  of  < 
the  inner  side  is  interposed  between  the  eye  and  the  bottom  of  the  excavation,  so  j 
as  to  conceal  the  latter  from  view.    The  surface  of  the  inner  shelving  side  also  \ 
takes  th&  direction  of  the  line  of  vision  or  very  nearly,  diminishes  in  apparent  J 
breadth,  and  ceases  to  be  visible,  while  the  surface  of  the  shelving  side  n 
the  edge  of  the  sun  becomes  nearly  perpendicular  to  the  line  of  vision,  a 
consequently,  appears  of  its  full  breadth. 

In  short,  all  the  variations  of  appearance  which  the  spots  undergo,  as  they  > 
move  across  the  sun's  disk,  changing  their  distances  and  positions  with  regard  ( 
to  the  sun's  centre,  are  exactly  those  changes  of  appearance  which  would  be  j 
produced  by  an  excavation,  and  not  at  all  those  which  a  dark  patch  on  ' 
solar  surface  would  undergo. 

It  may  be  considered  then  as  proved,  that  the  spots  on  the  sun  are  exca 
lions  ;  and  that  the  apparent  blackness  is  produced  by  the  fact  that  the  part  ) 
constituting  the  dark  portion  of  the  spot  is  either  a  surface  totally  destitute  of  J 
light  or  by  comparison  so  much  less  luminous  than  the  general  surface  of  the  > 
sun  as  to  appear  black.     This  fact  combined  with  the  appearance  of  the  penum-  J 
bral  edges  of  the  spots  have  led  to  the  supposition,  which  appears  scarcely  ii 
admit  of  doubt,  that  the  solid,  opaque  nucleus,  or  globe  of  the  sun,  is  invested  ( 
with  two  atmospheres,  that  which  is  next  the  sun  being  like  our  own,  no 
luminous,  and  the  superior  one  being  that  in  which  alone  light  and  heat  a 
evolved  ;  at  all  events,  whether  these  strata  be  in  the  gaseous  state  or  not,  tl 
existence  of  two  such,  one  placed  above  the  other,  the  superior  one,  being  1 
minous,  seems  to  be  exempt  from  doubt. 

By  observing  the  magnitude  of  the  spots,  and  the  rate  at  which  they  increa: 
and  diminish,  the  velocity  of  their  edges  has  been  ascertained,  and  this  veloci 
has  been  found  to  be  such  as  can  scarcely  be  attributed  to  matter  except  in  tl 
gaseous  form. 

We  are  not  warranted  in  assuming  that  the  black  portion  of  the  spots  a 
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i  really  surfaces  deprived  of  light,  for  the  most  intense  artificial  light  which  can  } 
I  be  produced,  such,  for  example,  as  that  of  a  piece  of  quick-lime  exposed  U 
}  action  of  the  compound  hlow-pipe,  when  seen  projected  on  the  sun's  disk,  i 
J  appears  as  dark  as  the  spots  themselves ;  an  effect  which  must  be  ascribed  J 

o  the  infinitely  superior  splendor  of  the  sun's  light.     All  that  can  be  legiti- 
J  mately  inferred  respecting  the  spots,  then,  is,  not  that  they  are  destitute  of  J 
/  light,  bat  that  they  are  incomparably  less  brilliant  than  the  general  surface  of  i 
-he  sun. 

The  thickness  of  the  luminous  coating  which  covers  the  sun,  was  attempted  \ 
;o  be  measured  by  Sir  William  Herschel,  by  means  of  observations  made  on  j 
he  spots,  and  the  result  of  his  inquiry  was  that  its  depth  vaiied  from  two  to  \ 
hree  thousand  miles.     The  imder  and  non-luminous  stratum,  by  reflecting  a 
)  considerable  portion  of  the  rays  which  fall  upon  it  from  the  luminous  stratum 
(  above,  not  only  increases  the  light  which  the  luminous  stratum  disperses  through  i 
)  space,  but  serves  as  a  canopy  to  screen  the  solid  body  of  the  sun  from  the 
J  overpowering  effects  of  the  light  and  heat  of  the  superior  stratum,     Herschel 
n  supposed  that  the  density  of  the  lower  stratum  might  be  such  as  to  main- 
a  temperature  on  the  actual  surface  of  the  solid  globe  of  the  sun  not  higher 
j  than  that  upon  our  earth.     However  this  may  be,  there  seems  to  be  little  doubt  { 
j  that  the  actual  temperature  at  the  visible  surface  of  the  sun,  that  is  to  say, 
j  upon  its  luminous  coaling,  must  be  much  more  elevated  than  any  artificial  heat  J 
ve  are  able  to  produce. 
According  to  Sir  John  Herschel,  we  have  various  indications  of  this. 
First,  from  the  law  of  the  decrease  of  radiant  heat  and  light,  which  being  ii 
he  inverse  proportion  of  the  squares  of  the  distances,  it  follows  that  the  heat  J 
j  received  on  a  given  area  exposed  at  the  distance  of  the  earth,  and  on  an  equal  ) 
at  the  visible  surface  of  the  sun,  must  be  in  the  proportion  of  the  apparent  J 
!  magnitude  of  the  sun  to  the  *hole  extent  of  the  firmament,  that  is,  in  the  pro-  7 
j  portion  of  about  one  to  three  hundred  thousand.     A  far  less  intensity  of  solar  J 
j  radiation  collected  in  the  focus  of  a  burning-glass,  is  sufiicient  to  evaporate  ) 
j  gold  or  platinum. 

Secondly,  from  the  facility  with  which  the  sun's  heat  passes  through  glas; 
a  property  possessed  by  artificial  heat  in  a  very  small  degree,  and  always  i 
J  the  direct  proportion  of  its  intensity. 

Thirdly,  from  the  fact  that  the  most  vivid  flames  and  intense  artificial  light  ( 
1  appear,  as  we  have  already  stated,  only  as  black  spots  when  held  between  the  ( 
\  disk  of  the  sun  and  the  eye. 

The  idea  that  the  heat  of  the  sun  arises  from  any  process  analogous  I 
\  of  common  combustion,  seems  to  be  beset  with  insuperable  difficulties. 

we  suppose  the  inexhaustible  supply  of  the  materials  necessary  to 
I  port  so  enormous  and  interminable  a  conflagration  ?  There  are  two 
J  sources  of  heat  which  may  be  imagined,  that  are  not  subject  to  the  sam 
(  ficulty.  Bodies  submitted  to  friction  evolve  heat  without  any  change  i 
j  condition  of  their  constituent  parts.  Also  when  a  galvanic  current  is  ; 
<  mitted  through  certain  conducting  substances,  they  become  heated  with  more  1 
>  or  less  intensity  and  sometimes  to  such  a  degree  as  to  emit  light  of  the  most  j 
J  intense  brilliancy,  and  yet  in  this  process  they  suffer  no  other  physical  change  i 
)  than  that  of  temperature.  It  is  therefore  possible  to  suppose  either  of  these  ( 
;es,  but  especially  the  latter,  to  be  in  constant  operation  on  the  sun,  with  ) 
[  sufiicient  energy  to  educe  the  light  and  heat  which  it  affords. 

The  actual  physical  character  of  the  luminous  matter  which  c 
lad  not  been  ascertained  until  a  recent  period.     According  to  the  report  of  j 
J  the  astronomical  lectures  of  Arago,  lately  delivered  in  Paris,  it  would  see 
it  that  philosopher  has  succeeded  in  solving  this  problem.     As  we  have  n 
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access  to  the  original  papers  containing  this  investigation,  we  can  only  J 

(  speak  of  it  from  the  imperfect  information  supplied  by  that  report.     It  would  / 

i  seem  from  it  that  Arago  reasons  in  the  following  manner :     There  are  two  J 

i  stales  in  which  light  is  capable  of  existing ;  the  ordinary  state,  and  the  slate  \ 
)  of  polarization.     It  has  been  proved  by  Fourier,  that  all  bodies  rendered 

<  candescent  by  heat,  which  are  in   the  solid  or  liquid  slate,  emit  polarized  \ 
J  light ;  while  bodies  which  are  gaseous,  when  rendered  incandescent,  invariably  J 

■   light  in  its  ordinary  state.     Thus  the  physical  condition  of  a  body  may  } 

stinguished  when  it  is  incandescent,  by  examining  the  light  which  it  J 

I  affords.     There  are  polariscopic  instiumenls  by  which  we  are  enabled  to  dis-  ( 

tinguish  these  different  states  of  light.     On  applying  these  tests  to  the  direct  f 

(  light  of  the  sun,  it  has  been  found  to  be  in  the  unpolarized,  or  ordinary  condi-  } 

/  tion.     Hence  it  has  been  inferred  by  Arago,  that  the  matter  from  which  this  J 
J  light  proceeds  must  be  in  the  gaseous  state.     It  will  doubtless  be  readily  un- 
>  derstood  that  gas,  when  incandescent,  is  that  which  is  commonly  called  fan. 

<  If  Arago's  reasoning,  then,  be  rightly  reported,  and  his  observations  correi 
J  it  follows  that  the  globe  of  the  sun  is  a  solid,  opaque,  non-luminous  orb,  i 
5  vested  with  an  ocean  of  flame. 

Certain  observations  made  by  Bouguer,  led  that  astronomer  to  suppose  that  S 

J  the  sun  is  surrounded  by  an  atmosphere  of  considerable  extent  above  the  sur-  \ 

)  face  of  the  luminous  coating.     The  ground  of  this  supposition  was  the  impres-  ) 

(  sion  that  the  splendor  of  the  sun's  light  near  the  borders  of  the  disk  was  less  C 

?  than  near  the  centre  ;  an  effect  which  could  not  be  produced  if  the  luminous  j 

(  coating  had  nothing  above  it  imperfectly  transparent.     On  the  contrary,  the  j 

)  brightness  toward  the  borders,  owing  to  the  obliquity  of  the  direction  of  the  j 

\  surface  to  the  line  of  vision  would  be  greater,  inasmuch  as  a  greater  extent  of  ( 

J  luminous,  surface  would  be  comprised  within  the  same  visual  angle.    The  J 

S  more  accurate  observations,  however,  of  Arago,  m?de  with  delicate  polariscopic  \ 

menlfi  disprove  this  by  showing  that  the  brightness  is  the  same  on  all  j 
j  parts  of  the  sun's  disk 
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ECLIPSES. 


Of  all  the  occasional  astrononomical  phenomena,  those  which  have  attn 
id  most  popular  attention  are  lunar  and  solar  eclipses.     We  shall  on 
5  present  occasion  explain  the  principal  circumstances  attending  them, 
S      When  a  luminous  body,  radiating  light  in  all  directions  around  it,  throws 
J  these  rays  upon  an  opaque  body,  that  body  prevents  a.  portion  of  the  rays  from 
)  penetrating  into  the  space  behind  it.     That  portion  of  the  space  from  which  . 
J  the  light  is  thus  excluded  by  the  interposition  of  the  opaque  body,  is  called  i 
J  astronomy  the  shadow  of  that  body. 

The  shape,  magnitude,  and  extent,  of  the  shadow  of  an  opaque  body,  will  J 

)  depend  partly  on  the  shape  and  magnitude  of  the  opaque  body  itself,  and  partly  J 

in  that  of  the  body  from  which  the  light  proceeds. 

In  the  cases  before  us,  tlie  form  of  the  bodies  are  globes.     If  the  globe 

he  sun  were  equal  in  magnitude  lo  the  globe  of  the  earth,  the  shadow  of  the  J 

\  latter  would  be  a  cylinder,  the  base  of  which  would  be  equal  to  a  great  circle  ? 

.  of  the  earth,  and  such  shadow  would  be  interminable,  since  its  sides  would  be  } 

?  parallel.    This  willbeevidentbyaninspectionoflheannexedfigure,  1, in  which  ( 

J  S.  represents  the  sun,  and  £.  the  earth ;  the  rays  S.  E.  forming  the  sides  of  j 

5  the  shadow,  being  parallel,  could  never  meet,  and  consequently  the  shadow  J 

5  would  be  infinite,  since  light  can  never  penetrate  into  the  space  between  them,  i 

'  If,  on  the  other  hand,  the  sun  were  a  globe  less  in  magnitude  than  the  earth,  j 

J  then  the  shadow  of  the  latter  would  have  diverging  sides  as  represented  in  the  i 

j  annexed  figure,  2,  which  would  widen  as  ihey  proceed  from  the  earth,  and  would  I 

'  e  interminable  ;  but  the  sun  having  ia  reality  a  diameter  about  one  hundred  J 

nd  twelve  times   greater  than  that  of  the  earth,  the  rays  which  proceed  i 

J  from  the  upper  and  lower  limb  of  the  sun,  and  which  touch  the  earth  at  a  and  6,  , 

1g.  3,  will  converge  lo  certain  point  at/,  behind  the  earth,  and  will  form  a  conical  > 

pace,  whose  base  will  be  at  a  b,  and  whose  apex  will  be  at  /,     From  the  space  \ 

J  enclosed  by  this  cone  the  light  of  the  sun  is  entirely  excluded,  and  it  is  there-  ■ 

J  fore  properly  the  shadow  of  the  earth.      But  there  is  also  a  certain  space  be-  ' 

J  hmd  the  earth  from  which  the  sun's  light  is  only  partially  excluded,  and  which  i 
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J  forms  what  is  called  the  earth's  penumbrTi.  The  ra 
__.  s  disk  passes  to  the  point/,  while  the  ray  n  i 
?  sun's  disk  passes  to  the  point  c.  The  space  bet 
J  tially  illuminated  by  the  sua.     If  a  spectator  v 


I   space, 


he  would  see  a  portion  of  the  upper  limb  of  the 


m  a,  lig.  4,  from  the  top  of  the  5 
from  the  lowest  point  of  the  < 
'een  a  /and  a  c  will  be  par- 
placed  anywhere  in  that  { 


>ulds 


?  of  it  the  nearer  he  might  be  to  c,and  less  of  it  the  nearer  he  might  be  to/. 

?       As  he  would  see  the  sun,  he  would  of  course  receive  a  portion  of  its  light.  ! 

)  Thus  that  part  of  the  space  included  between  a  f,  and  a  c,  which  is  near  af,  J 

\  receives  light  from  a  small  portion  of  the  upper  limb  of  the  sun,  while  that  part  J 

\  which  is  near  a  c  receives  light  from  nearly  the  whole  of  the  sun  ;  and  in  short,  J 

ding  from  a  f  lo  a  c,  iho  light  received  from  the  sun  will  be  gradually  j 
i  increased. 


Fig.  4 


In  like  manner,  the  ray  m  b  proceeding  from  the  upper  limb  of  the  sun  ; 
{  continued  to  d,  will  include  between  it  and  the  ray  6  /  a  space  which  is  only  J 
f  partially  illuminaied,  and  will  be  subject  to  the  same  observations  as  we  h. 
{  made  respecting  the  space  between  a  f  and  a  e. 

When  any  object  which  receives  its  light  from  the  sun  passes  between  the  j 

ines  a  c  and  h  d,  it  will  be  either  wholly  or  partially  deprived  of  the  sun's  lig 

j  If  it  be  outside  the  limits  6/and  af,  it  will  be  only  partially  obscured  ;  but  if  j 

t  be  within  these  limits,  it  will  he  altogether  darkened.  ) 

The  length  of  the  line  o/being  incomparably  less  than  the  distance  of  any  J 

!  body  in  the  universe  from  the  earth  except  the  moon,  but  being  on  the  contraiy  ) 

J  considerably  greater  than  the   distance  of  the  moon,  it  follows  that  the  only  i 

I  body  in  the  system  which  can  be  deprived  of  light  by  the  earth's  shadow  is 

on,  and  that  whenever  that  object  is  in  opposition  to  the  sun,  and  at  the  aa 

e  BO  near  the  ecliptic  as  to  be  included  between  the  lines  a  c  and  b  d,  it  will  j 
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3  partially  deprived  of  the  sim's  light ;  but  if  it  be  so  much  nearer  as  to  be  in-  ' 

eluded  between  the  lines  a  /and  b  f,  h  will  be  wholly  deprived  of  the  sun's  ! 

light.     Thus  the  causes  of  a  partial  or  total  eclipse  of  the  moon  are  ex-  ' 

(  plained.  ! 

If  h    plane  of  the  moon's  orbit  coincided  with  that  of  the  ecliptic,  the  moon 

w    Id  p       behind  the  centre  of  the  earth  in  the  direction  of  the  line  Ef  form-  ! 

g  h    BAia  of  the  shadow,  every  revolution,  and  consequently  there  would  be  i 

1  1     ar  eclipse  every  month ;  but  as  the  moon's  orbit  is  inclined  at  an  J 

gl    of  fi  e  degrees  to  the  plane  of  the  ecliptic,  the  distance  of  the  moon  from  J 

h     pi        IS  greater  than  the  distance  of  lines  of  a  c  and  6  d  from  E  _f,  except  S 

h       h    moon  is  near  to  that  point  where  its  orbit  crosses  the  ecliptic   --'---'- 

11  d  he  moon's  node. 

N    1       r  eclipses  happen,  therefore,  except  when  either  of  the  moon 

n      1        opposition  to  the  sun. 

When  a  lunar  eclipse  does  happen,  the  moon  will  first  enter  the  penumbra  S 

at  a  c,  and  will  be  very  slightly  obscured.     As  it  approaches  a/  it  is  more  and  \ 

more  deprived  of  the  sun's  light,  until  finally  it  enters  the  shadow  afb,  where  j 

it  is  altogether  obscured.     At  the  end  of  the  eclipse,  as  it  must  pass  through  / 

the  penumbra,  it  will  recover  the  sun's  light  by  slow  degrees. 

The  length  of  the  line  E  f  being  about  800,000  miles,  and  the  dist: 
ihe  moon  from  the  earth  being  less  than  350,000,  the  moon  when  it 
through  the  shadow  will  be  about  500,000  miles  within  the  point  f,  and  will  ) 
consequently  pass  through  the  shadow  at  a  part  of  considerable  breadth.  J 

In  expressing  the  magnitude  of  the  eclipse,  whether  of  the  sun  or  of  the  \ 
moon,  ii  is  customary  to  suppose  the  diameters  of  these  bodies  divided  i  " 
twelve  equal  parts,  called  digits,  and  the  magnitude  of  the  eclipse  is  i 
pressed  by  stating  the  proportion  of  the  diameter  of  the  disk  which  is  obscured.  J 
Thus  when  half  tlie  disk  is  obscured,  we  say  that  the  eclipse  measures  six  J 
digits,  and  so  on. 

From  what  has  been  stated,  it  is  evident  that  an  eclipse  of  the  t 
not  be  afiected  in  its  appearance  by  the  position  of  the  observer  on  the  surface  J 
of  the  earth.  Wherever  he  may  be,  the  eclipse  will  appear  lo  him  the  s 
but  if  it  should  happen  that  while  the  moon  is  passing  through  the  shadoi 
person  desirous  to  observe  it  is  in  a  portion  of  the  earth  which  at  that  time  is  ( 
turned  toward  the  sun,  the  eclipse  will,  of  course,  be  invisible  to  him.  In  ) 
short,  it  wiU  only  be  visible  from  that  hemisphere  of  the  earth  that  is  turned  I 
from  the  sun  at  the  time  of  its  occurrence.  J 

The  moon,  like  the  earth,  receiving  the  sun's  light,  projects  behind  it  a  conical  < 
shadow  and  a  diverging  penumbra :  if  this  shadow  or  penumbra  fall  upon  any  j 
portion  of  the  earth's  surface,  they  will  deprive  such  portion  wholly  or  partially  ( 
of  the  sun's  light,  and  there  will  be  a  solar  eclipse  of  a  corresponding  species,  i 
When  the  moon  is  between  the  sun  and  earth,  the  length  of  its  shadow  is  about  j 
equal  to  its  distance  from  the  earth,  and  consequently  the  point  of  the  shadow  j 
would  just  reach  the  surface  of  the  earth  ;  but  as  the  moon's  distance  is  subject 
to  a  slight  variation,  it  sometimes  happens  that  the  length  of  the  moon's  shadow 
is  a  little  more  and  sometimes  a  little  less  than  its  distance  frpm  the  earth.     If 
the  length  of  the  shadow  be  greater  than  its  distance  from  the  earth,  then  the 
shadow  will  cover  a  smalt  portion  of  the  earth's  surface,  to  all  places  within  X 
which  there  will  be  a  total  solar  eclipse.     The  circumstances  affecting  a  solar  ) 
eclipse  are  represented  in  the  annexed  figure,  where  S  is  the  centre  of  the  ( 
sun's  disk,  W  is  its  upper  limb,  and  V  its  lower  limb  ;  c  rf  is  the  moi 
the  point  of  its  shadow  ;  d  h  and  e  g  are  the  sides  of  its  penumbra,  a 
the  portion  of  the  earth  on  which  the  penumbra  falls.     An  observer  placed  be- 
tween e  and  g,  will  see  the  upper  limb  of  the  sun  only,  the  lower  limb  being  I 
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^ised.     An  observer,  on  the  other  hand,  between  d  e  and  d  k,  would  see  tl 
\  lower  limb  only,  the  upper  limb  being  eclipsed  ;  and  the  eclipse  would  be  i 
)  greater  to  eacli  of  these  observers  the  nearer  their  position  would  be  to  thi 
\  point  e.     To  observers  between  h  and  Y  oi  g  and  Y,  there  would  be  no  eclipse 
'or  no  part  of  the  moon  would  be  interposed  between  them  and  any  part  of  the  I 

If  the  vertex  of  the  crfne  of  the  moon's  shadow  is  farther  from  the  moon  than  ( 
\  ihe  surface  of  the  earth,  then  there  will  be  a  small  portion  of  the  earth's  a 
I  face  at  e  within  the  shadow ;  and  to  an  observer  within  any  portion  of  that  { 
\  surface,  the  sun  will  be  totally  eclipsed ;  but  If  the  vertex  of  ihe  shadow 
}  not  reach  the  earth,  then  an  obserrer  at  e  will  see  a  ring  of  the  sho,  not  ci 
d  by  the  moon,  surrounding  the  globe  of  the  moon,  and  the  phenoraer 
}  will  be  what  is  called  an  anndar  eclipse. 

These  circumstances  will  render  easily  intelligible  all  the  ordinary  circi 

!  stances  of  solar  eclipses.     It  will  be  readily  understood,  that  while  a  lunar  J 

jclipie  is  the  same  to  all  observers  on  the  earth,  a  solar  eclipse  will  vary  tn  i 

ts  magnitude  and  character  with  the  position  of  the  observer ;  the  same  solar  ( 

\  eclipse  which  at  one  part  of  the  earth  is  total  or' annular,  at  other  parts  of  the  ) 

5  earth  is  partial  in  various  degrees,  and  at  other  parts  again  is  not  exhibited  ] 

at  all. 

A  natural  consequence  of  the  diffusion  of  knowledge  is,  that  while  it  lessens 
the  vague  sense  of  wonder,  with  which  singular  phenomena  in  nature  are  bo- 
held,  it  increases  the  feeling  of  admiration  at  the  harmonious  laws,  the  devel- 
opment of  which  renders  effects  apparently  strange  and  unaccountable  easily  } 
intelligible.     It  will  be  easily  imagined  what  a  sense  of  astonishment,  and  i 
even  terror,  the  sudden  disappearance  of  an  object  like  the  sun  or  moon  must  J 
have  produced  in  an  age  when  the  causes  of  eclipses  were  known  only  to  the 
leaned.     Such  phenomena  were  regarded  as  precursors  of  divine  vengeance. 
History  informs  us  that  in  ancient  times  armies  have  been  destroyed  by  the  j 
effects  of  the  consternation  spread  among  them  by  the  sudden  occurrence  of  ai 
eclipse  of  the  sun.     Commanders  who  happened  to  possess  some  scientific  J 
knowledge,  have  talten  advantage  of  it  to  work  upon  the  credulity  of  those  ) 
around  them  by  menacing  them  with  prodigies  the  near  approach  of  which  < 
they  were  well  aware  of,  illustrating  thus,  in  a  singular  and  perverted  manner,  ) 
the  maxim  that  knowledge  is  power.     Happily,  in  the  present  day  information  J 
is  too  generally  diffused  to  permit  the  bulk  of  mankind  to  be  thus  played  upon. 
Of  all  the  various  phenomena  presented  by  eclipses,  that  which  is  transcend- 
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<  anily  the  most  remarkable  and  interesting  is  a  central  eclipse  of  the  si 
I  it  be  total,  tbe  spectacle  it  offers  is  most  imposing :  the  light  of  day  is 
J  vially  withdrawn  to  such  a  degree  that  the  brighter  planets,  such  as  Yen 
1  Jupiter,  and  the  stars  of  the  first  magnitude,  become  visible  lo  the  naked  eye.  \ 
I  We  see,  however,  a  faint  light  of  the  sun  behind  the  disk  of  the  moon.  Some-  5 
)  times,  as  has  been  slated,  when  the  apparent  magnitude  of  the  moon  is  a  little  { 
J  less  than  that  of  the  sun,  the  disk  of  the  moon  conceals  the  entire  disk  of  the  J 

I,  except  only  a  thin  luminous  ring  surrounding  it.     This  is  a  phenomenon 
(  of  very  rare  occurrence,  and  only  to  be  seen  at  particular  places  on  the  earth. 
)  An  instance  of  it  occurred  on  the  7th  of  September,  1820,     It  commenced  to 
(  be  visible  at  the  north  latitude  of  80°,  in  Hudson's  bay,  neaf  the  eastern  coast 
S  of  New  North  Wales.     It  was  visible  next  in  the  direction  of  the  northeast  j 
J  of  Greenland,  at  the  mouth  of  the  Wesej,  at  Bremen,  in  the  gulf  of  Venice,  a 
)  in  Arabia  deserta,  and  ceased  near  the  Persian  gulf.     While  this  eclipse  was  I 
J  produced  in  these  different  places,  the  observers  who  were  on  the  same  me- 
j  ridians,  but  further  south,  saw  only  a  partial  eclipse,  and  others,  still  further 

<  south,  saw  no  eclipse  at  all,  the  contrary  took  place  with  observers  on  the  same 
)  meridians  farther  north,  to  all  of  whom  the  eclipse  was  annular. 

(      It  was  during  a  phenomenon  of  this  kind  that  Schroter  imagined  he  saw  the 
>  solar  light  coming  through  an  immense  opening  in  the  moon.    Other  observers, 
(  however,  who  saw,  or  imagined  they  saw,  luminous  spots  on  the  dark  hemi- 
}  sphere  of  the  moon,  in  a  solar  eclipse,  ascribed  them  to  lunar  volcanoes.     As 
j  to  tbe  existence  of  these  luminous  spots  on  the  dark  hemisphere  of  the  moon, 
S  rendered  manifest  in  a  total  eclipse  of  the  sun,  we  have  the  testimony  of  so 
{  many  astronomers,  among  whom,  besides  Schroter,  may  be  mentioned  Sir  ! 
j  William  Herschel  and  Kaler,  that  we  can  scarcely  doubt  their  reality.     The  s 
J  causes  which  may  produce  them  have  only  been  explained  in  the  two  ways  \ 
)  above  mentioned,  namely,  either  by  the  supposed  existence  of  active  volcanoes,  ( 
n  the  moon,  or  perforations  through  the  moon,  through  which  the  sun's  light  / 

The  following  description  of  a  total  edipse  of  the  sun,  given  by  Halley,  who  J 
?  observed  it,  is  quoted  by  Arago,  and  will  be  read  with  interest : —  J 

5      "I  send  you,  according  to  promise,  my  observations  of  the  solar  eclipse,  J 
S  though  I  fear  they  will  not  be  of  much  use  to  you.     Not  being  furnished  with  ! 
S  the  necessary  instruments  for  measuring  lime,  I  confined  my  views  to  examin-  ( 
?  ing  the  spectacle  presented  by  nature  under  such  extraordinary  circumstances,  ) 
J  a  spectacle  which  has  hitherto  been  neglected  or  imperfectly  studied.    I  chose  ( 
J  for  my  point  of  observation  a  place  called  Haradowhill,  two  miles  from  Ames-  5 
J  bury,  and  east  of  the  avenue  of  Stonehenge,  of  which  it  closes  the  vista.     In  \ 
I  front  is  that  celebrated  edifice  upon  which  I  knew  that  the  eclipse  would  be  J 
J  directed.     I  had,  moreover,  the  advantage  of  a  very  extensive  prospect  in  \ 
c  every  direction,  being  on  the  loftiest  hill  in  the  neighborhood,  and  that  nearest  j 
i  to  the  centre  of  the  shadow.     To  the  west,  beyond  Stonehenge,  is  anothei  j 
I  rather  steep  hill,  rising  like  the  summit  of  a  cone  above  the  horizon.     This  is  ) 
S  Clay  hill,  adjoining  Westminster,  (?)  and  situated  near  the  central  line  of  dark-  J 
i  neas  which  was  to  set  out  from  this  point,  so  that  I  could  be  aware  in  time  of 
i  its  approach.     I  had  with  me  Abraham  Sturges  and  Stephen  Evans,  both  na- 
l  tives  of  the  country,  and  able  men.     The  sky,  though  overcast,  gave  out  some 
j  straggling  rays  of  the  sun,  that  enabled  me  to  see  around  us.     My  two  com- 
(  panions  looked  through  the  blackened  glasses,  while  I  made  some  reconnais- 
nce  of  the  country.     It  was  half-past  five  by  my  watch  when  they  informed  ( 
e  that  the  eclipse  was  begun.     We  watched  its  progress,  therefore,  with  tbe  > 
j  naked  eye,  as  the  clouds  performed  for  us  the  service  of  colored  glasses.     At 
!  tbe  moment  when  the  sun  was  half  obscured,  a  veri'  evident  circular  rainbow 
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5  formed  at  ils  c  ire  am  fere  nee,  with  perfect  colors.     As  the  darkness  increased, 
re  saw  the  shepherds  on  all  sides  hastening  to  fold  their  flocks,  for  they 
ected  a  total  eclipse  of  an  hour  and  a  quarter  duration. 

"  When  the  sun  assumed  the  appearance  of  the  new  moon,  the  sky  was 
rably  clear,  but  it  was  soon  covered  with  deeper  clouds.  The  rainbow  then  v 
S  ished,  the  sleep  hill  I  have  named  became  very  obscure,  and  on  each  side,  that 
's,  north  and  south,  the  horizon  exhibited  a  blue  lint,  like  that  which  i 
n  summer  toward  the  close  of  day.     Scarcely  had  we  time  to  count  ten,  when 
i  Salisbury  spire,  six  miles  to  the  south,  was  enveloped  in  darkness.     The  hill 
disappeared  entirely,  and  the  deepest  night  spread  around  us.     We  lost  sight 
of  the  sun,  whose  place  til!  then  we  had  been  able  to  distinguish  in  the  clouds, 
but  whose  trace  we  could  now  no  more  discover  than  if  it  had  never  existed. 
"  By  my  watch,  which  I  could  scarcely  discern  by  some  light  that  reached 
s  from  the  north,  it  was  thirty-five  minutes  past  six.     Shortly  before,  the  sky 
and  the  earth  had  assumed,  literally  speaking,  a  livid  tint,  for  it  was  a  mixture 
of  black  and  blue,  only  the  latter  predominated  on  the  earth  and  at  the  horizon. 
There  was  also  much  black  diffused  through  the  clouds,  so  that  the  whole  -'-- 
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pect,  that  seemed  to  announce  the  death  of  nature, 
raveloped  in  a  total  and  palpable  darkness,  if  I  may  be  al- 
n.  It  came  on  rapidly,  but  I  watched  so  attentively,  that 
i  progress.  It  came  upon  us  like  rain,  falling  on  our  left 
looking  to  the  west),  or  like  a  great  black  cloak  thrown  . 
urtain  drawn  from  that  side.  The  horses  we  held  by  the 
bridle  seemed  deeply  struck  by  it,  and  pressed  to  us  with  marks  of  extreme 
surprise.  As  well  as  I  could  perceive,  the  countenances  of  my  friends  wore  a 
horrible  aspect.  It  was  not  without  an  involuntary  exclamation  of  wonder  I 
looked  around  me  at  this  moment.  I  distinguished  colors  in  the  sun,  but  the 
earth  had  lost  all  its  blue,  and  was  entirely  black.  A  few  rays  shot  through 
the  clouds  for  a  moment,  but  immediately  afterward  the  earth  and  the  sky  ap- 
peared totally  black.     It  was  the  most  awful  sight  I  had  ever  beheld  in  my  ? 

I  '^''^-  .  .  .  ( 

t  "  Northwest  of  the  point  whence  the  eclipse  came  on,  it  was  impossible  (or  t 
J  me  to  distinguish  in  the  least  degree  the  earth  from  the  sky,  for  a  breadth  of  ( 
sixty  degrees  or  more.  We  looked  in  vain  for  the  town  of  Amesbury,  situated  ? 
below  us ;  scarcely  could  we  see  the  ground  under  our  feet.  I  turned  fre-  ( 
quently  during  the  total  darkness,  and  observed  that,  at  a  considerable  distance  J 
to  the  west,  the  horizon  was  perfect  on  both  sides,  that  is,  to  the  north  and  to  ( 
the  south ;  the  earth  was  black,  and  the  lower  part  of  the  sky  clear  ;  the  ob-  i 
scurity,  which  extended  to  the  horizon  in  those  points,  seemed  like  a  canopy  i 
over  our  heads,  adorned  with  fringes  of  a  lighter  color,  so  that  the  upper  edges  I 
of  all  the  hills,  which  I  recognised  perfectly  by  their  outlines,  formed  a  black  i 
line.  I  saw  perfectly  that  the  interval  between  light  and  darkness,  observable  ( 
in  the  earth,  was  between  Mortinsol  (?)  and  St.  Anne  ;  but  to  the  south  it  was  ) 
less  distinctly  marked.  ( 

"  I  do  not  mean  to  say  that  the  hne  of  shadow  passed  between  these  two  i 
hills,  which  were  twelve  miles  distant  from  us ;  but  as  far  as  1  could  distin-  J 
guish  the  horizon,  there  was  none  behind,  and  for  this  reason :  My  elevated  j 
position  enabled  me  to  see  the  light  of  the  sky  behind  the  shadow ;  still,  that  j 
yellowish  green  line  of  light  I  saw  was  broader  toward  the  north  than  toward  ( 
the  south,  where  It  was  of  a  tan  color.  At  this  period  it  was  loo  black  behind  ( 
us,  that  is,  to  the  east,  looking  toward  London,  to  enable  me  to  see  the  hills  ) 
beyond  Andover,  for  the  anterior  extremity  of  the  shadow  lay  beyond  that  I 
place.  The  horizon  was  then  divided  into  four  parts,  differing  in  extent,  in  J 
light,  and  in  darkness.    The  broadest  and  least  black  was  to  the  northwest,  and  j 
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j  the  longest  and  brightest  to  the  southwest.    The  only  change  I  could  perc 
<  during  the  whole  time  the  phenomenon  lasted,  was  that  the  horizon  divided  ( 
)  inio  two  parts — one  clear,  the  other  obsciu'e.     The  northern  hemisphere  then  \ 
j  acquired  more  length,  brightness,  and  breadth,  and  the  two  opposite  parts  c 
I  lesced. 

"  Like  the  shadow  in  the  beginning  of  the  eclipse,  the  hght  approached  from  ( 
\  the  north,  and  fell  on  our  right  shoulders.     I  could  not,  indeed,  distinguish  o 
J  that  side  either  defined  light  or  shadow  upon  the  earth,  which  I  watched  a 
5  lively ;  but  it  was  evident  that  the  ligKt  returned  but  gradually,  and  with  oscil-  ( 
J  lation :  it  receded  a  little,  advanced  rapidly,  till  at  last,  with  the  first  brilliant  J 
J  point  that     pp        d  '      '        '      '  "  '  ' 
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j  ing  attentively.     It  otill,  indeed,  remained  black  to  the  southeast,  but  I  will  n 
)  say  that  the  horizon  was  difficult  to  discover.    Presently  we  heard  the  song  of  J 
(  the  larks  hailing  the  return  of  light,  aStei  the  profound  and  universal  silet 
(  which  everything  had  been  plunged.     The  earth  and  sky  appeared  then  a 
j  they  do  in  the  morning  before  sunrise.     The  latter  was  of  a  grayish  t' 
j  clining  to  blue  ;  the  former,  as  far  as  my  eye  could  reach,  was  deep  green  c 

"  As  soon  as  the  sun  appeared,  the  clouds  grew  denser,  and  for  several  n 
tes  the  li^ht  did  not  increase,  just  as  happens  at  a  cloudy  sunrise.     The  i 
tant  the  eclipse  became  total,  till  the  emersion  of  the  sun,  we  saw  Venus,  but  j 
0  other  stars.     We  perceived  at  this  moment  the  spire  of  Salisbury  cathedral. 
The  clouds  not  dispersing,  we  could  not  push  our  observations  further  :  they  J 
cleared  up,  however,  considerably  toward  evening,     I  have  hastened  home  to  ) 
write  this  letter.     So  deep  an  impression  has  tiis  spectacle  made  upon  my  J 
mind,  that  I  shall  long  be  able  to  recount  all  the  circumstances  of  it  with  i 
much  precision  as  now.     After  supper,  I  made  a  sketch  of  it  from  memory,  t 
the  same  paper  on  which  I  had  previously  drawn  a  view  of  the  country. 

"  I  will  own  to  you  I  was,  methinks,  the  only  person  '"  Ei.,  'and  who  did  J 
not  regret  the  presence  of  clouds  :  they  added  much  to  tbi.     nleii.uity  of  the 
spectacle— incomparably  superior,  in  my  opinion,  to  lh?t  of  17i3  which  I  saw 
j  perfectly  from  the  top  of  the  belfrey  of  Boston,  in  Lincolnshire,  where  the  sky  ? 
J  was  veiy  clear.     There,  indeed,  I  saw  the  two  sides  of  the  shadow  coming  j 
}  from  afar,  and  passing  to  a  great  distance  behind  us  ;  but  this  eclipse  ejihibited  J 
(  great  variety,  and  was  more  awfully  imposing  ;  so  that  I  cannot  but  congratu- 
>  late  myself  on  having  had  opportunities  of  seeing,  under  such  different  cit 
j  stances,  these  two  rare  accidents  of  nature." 

4       The  EciiPTic  derives  its  name  from  the  fact,  that  the  shadow  of  the 
J  always  lying  in  it,  no  object  can  he  eclipsed  unless  it  be  very  near  to  it.     If  w 
J  imagine  a  line  drawn  from  the  centre  of  the  sun  through  the  centre  of  tlie  j 
)  earth,  and  continued  beyond  the  earth,  that  line  will  be  the  axis  of  the  earth's 
J  shadow,  and  the  diameter  of  the  conical  shadow  must  be  everywhere  less  than  i 
the  diameter  of  the  earth.     The  moon  can  not  touch  the  shadow,  if  the  distance  J 
of  its  nearer  limb  from  the  echptic  be  greater  than  the  diameter  of  the  earth. 
i|      The  ecliplie  limii3,]s  a  term  expressing  the  greatest  distances  of  the  moon  from  J 
'   its  node  at  which  it  is  possible  that  an  eclipse,  either  lunar  or  solar,  i 
I,  pen.     This  distance  for  eclipses  of  the  moon  is  twelve  degrees,  and  for  eclip-  S 
s  of  the  sun  seventeen  degrees. 
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THE    AURORA    BOREALIS. 


heavens,  i 


BOREALIS  is  a  luminous  phenomenon,  which  appears  in  the 

seen  in  high  latitudes  in  both  hemispheres.     The  term  auro-  ■ 

NORTHERN  LIGHTS,  has  been  apphed  to  it  because  the  oppor-  ! 

IS  of  witnessing  it  are,  from  the  geographical  character  of  the  globe,  much  ) 

frequent  in  the  northern  than  in  the  southern  hemisphere.     The  term  ( 
lA  POLARIS  would  be  a  more  proper  designation. 

This  phenomenon  consists  of  luminous  rays  of  various  colors,  issuing  from  S 

every  direction,  but  converging  to  the  same  point,  which  appear  after  sunset  J 
generally  toward  the  north,  occasionally  toward  the  west,  and  sometimes,  ' 

rarely,  toward  the  south.     It  frequently  appears  near  the  horizon,  as  a  vague  i 

and  diffuse  light,  something  like  the  faint  streaks  which  harbinger  the  rising  ) 

sun  and  form  the  dawn.     Hence  the  phenomenon  has  derived  its  name,  the  i 

j  NORTHERN  MORNING.     Sometimes,  however,  it  is  presented  under  the  form  of  ) 
a  sombre  cloud,  from  which  luminous  jets  issue,  which  are  often  variously  col- 
ored, and  illuminate  the  entire  atmosphere. 

A  meteor  so  striking  as  the  aurora  could  not  fail  at  an  early  period  to  attract 
the  attention  of  scientific  inquirers,  and  to  give  rise  to  various  theories.  Some  \ 
supposed  it  to  be  the  refraction  of  the  solar  rays  ;  others  ascribed  it  to  the  j 
effects  of  the  magnetic  fluid.  Euler  identified  it  with  the  tails  of  comets.  | 
Mairan  supposed  it  to  proceed  from  the  intermixture  of  the  far-extending  atmo- 
sphere of  the  sun  with  that  of  the  earth.  When,  however,  the  luminous  eHects  I 
of  artificial  electricity  were  shown — when  the  electric  light  transmitted  through  > 
rarefied  air  was  exhibited — and  when  the  identity  of  lightning  with  electricity  { 
was  established,  these  various  hypotheses  were  by  common  consent  abandoned ;  ' 
and  the  explanation  proposed  by  Eberhart,  of  Halle,  and  Paul  Frisi,  of  Pisa,  i 
which  ascribed  the  phenomenon  to  electricity  transmitted  through  regions 
which  the  atmosphere  is  in  a  highly  rarefied  state,  was  adopted.  Any  doubt  ( 
which  might  have  hung  round  this  explanation  was  dispelled  when  the  rela-  j 
tions  between  magnetism  and  electricity  were  demonstrated ;  and  although  the  j 
complete  explanation  of  the  details  of  the  aurora  has  not  been  accomplished,  J 
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[  the  electricity  and  magnetism  of  the  earth  and  its  atmosphere  must  now 

egarded  as  its  source. 
In  his  treatise  on  these  meteors,  Mairan  describes  their  appearance  and  the  ? 

luccession  of  changes  to  which  they  are  subject  with  great  minuteness  and  j 
?  precision.     The  more  conspicuous  auroras  commence  to  be  formed  soon  after  ? 
J  the  close  of  twilight.     At  first  a  dark,  mist  or  foggy  cloud  is  perceived  in  the  ( 
I  north,  and  a  little  more  brightness  toward  the  west  than  in  the  other  parts  of  the  ? 
J  heavens.     The  mist  gradually  lakes  the  form  of  a  circular  segment,  resting  a 
!  each  comer  on  the  horizon.     The  visible  part  of  the  arc  soon  becomes  snr 
!  rounded  with  a  pale  light,  which  is  followed  by  the  formation  of  one  or  several  j 
j  luminous  arcs.     Then  come  jets  and  rays  of  iight  variously  colored,  which  ( 
!  issue  from  the  dark  part  of  the  segment,  the  continuity  of  which  is  broken  by  j 
I  bright  emanations,  which  indicate  a  movement  of  the  mass,  which  seems  agi-  i 
!  tated  by  internal  shocks,  during  the  formation  of  these  luminous  radiations,  \ 
f  which  issue  from  it  as  flames  do  from  a  conflagration.     When  this  species  of 
)  fire  has  ceased,  and  the  aurora  has  become  extended,  a  crown  is  formed  at  the 
5  zenith,  to  which  these  rays  converge.     From  this  time  the  phenomenon  dimin- 

■  'les  in  its  intensity,  exhibiting,  nevertheless,  from  time  to  time — sometimes  on 
e  side  of  the  heavens  and  sometimes  on  another — jets  of  light,  a  crown  and  ( 
i  colors  more  or  less  vivid.  Finally  the  motion  ceases,  the  light  approaches  > 
(  gradually  lo  the  horizon  ;  the  cloud,  quitting  the  other  parts  of  the  firmament, 
J  settles  in  the  north.  The  dark  part  of  the  segment  becomes  luminous,  ils 
5  brightness  being  greatest  near  the  horizon,  and  becoming  more  feeble  as  the 
J  altitude  augments,  until  it  loses  its  light  altogether. 

j       The  aurora  is  sometimes  composed  of  two  luminous  segments,  which  are 
>  concentric,  and  separated  from  each  other  by  one  dark  space,  and  from  the 
J  earth  by  another.     Sometimes,  though  rarely,  there  is  only  one  dark  segment, 
J  which  is  symmetrically  pierced  round  its  border  by  openings,  through  which  5 
J  light  or  fire  is  seen,  as  represented  la  fig.  1.     A  meteor  of  this  kind  was    ' 


(  served  by  Mairan  himself  at  Breuille-Pont,  on  the  ]9th  of  October,  1726. 
J  This  meteor  was  seen  at  the  same  time  in  distant  parts  of  Europe,  such  as 
(  Warsaw,  Moscow,  St.  Petersburg,  Rome,  Naples,  Lisbon,  and  Cadiz.     The  i 
I  least  height  which  is  compatible  with  its  observed  position  in  these  plac 
(  would  be  about  fifty  leagues  above  the  surface  of  the  earth. 

In  the  year  1817,  M.  Biot  made  a  voyage  to  the  Shetland  isles,  where  he  i 
lad  frequent  and  favorable  opportunities  of  observing  these  phenomena ;  and  i 
j  the  known  habits  of  accuracy  and  skill  in  experimental  investigation  of  that  i 
1  philosopher  must  confer  great  value  on  the  results  of  his  observations.  A 
?  markable  aurora  was  seen  by  him  on  the  27th  of  August,  1817. 
j  Several  thin  jets  of  iight  were  iirst  seen  to  rise  at  the  northeast  to  a  small  j 
I  height.  Having  played  for  some  time,  they  were  extinguished  ;  but,  after  an  J 
J  hour  and  a  half,  ihey  reappeared,  with  increased  extent  and  brilliancy,  in  the  J 
le  part  of  the  sky.     They  soon  began  to  form  above  the  horizon  a  regular 
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re,  like  a  rainbow,  which  was  not  complete  at  first,  but  by  degrees  increased  ) 
3  amplitude,  and,  after  some  moments,  was  completed,  by  the  sudden  forma-  J 
on  of  the  remainder,  which  rose  in  a,  moment,  accompanied  by  a  multitude  of  j 
)  jets  of  light,  which  issued  from  all  points  of  the  northern  horizon.  The  vertex  ( 
J  of  the  bow  then  reached  very  nearly  to  the  zenith.  This  bow  was  at  first  fleet-  S 
j  ing  and  undecided  in  its  character,  as  if  the  matter  of  which  it  was  composed  J 
i  had  not  yet  taken  a  stable  arrangement ;  but  all  this  agitation  quickly  subsided,  S 
I  and  then  it  remained  hanging  in  the  heavens  in  all  its  beauty  for  more  than  an  I 
j  hour,  having  a  progressive  motion  barely  sensible  toward  the  southeast,  where  } 
J  it  seemed  to  be  carried  hy  a  light  wind  which  was  then  felt  from  the  north-  < 
j  east.  M.  Biol»had  thus  full  time  to  contemplate  it ;  and  he  observed  its  posi-  j 
i  tion  with  the  instruments  ho  had  provided  for  astronomical  purposes.  He  J 
J  found  that  it  embraced  an  extent  upon  the  horizon  of  128°  42',  and  that  its  i 
!  centre  was  placed  precisely  in  the  direction  of  the  magnetic  meridian.  The  C 
J  whole  extent  of  the  firmament  traversed  by  this  grand  arc,  on  the  northwestern  > 
j  side,  was  continually  intersected,  in  every  direction,  by  jets  of  light,  the  forms,  j 
IS,  colors,  and  continuance  of  which,  strongly  attracted  his  attention.  } 
I  Each  of  these  jets,  when  it  first  appeared,  was  a  simple  line  of  whitish  light :  ( 
i  its  magnitude  and  splendor  were  augmented  rapidly,  presenting  sometimes 
f  gular  variations  of  direction  and  curvature.    -When  it  attained  its  entire  dt 

opment,  it  was  contracted  to  a  thin  straight  thread,  the  light  of  which  was  J 
I  extremely  vivid  and  brilliant,  and  of  a  decided  red  tint.  Afler  this  it  grew  ( 
J  gradually  fainter,  and  became  extinct  frequently  at  the  same  place  precisely  > 
I  where  it  commenced  its  appearance.  This  permanence  of  a  great  number  of  < 
i  jets,  each  in  the  same  apparent  place,  while  ^their  brightness  exhibited  an  infi-  S 
j  nice  variety  of  degrees,  renders  it  probable,  in  the  opinion  of  Biot,  that  their  J 
1  light  is  not  reflected,  but  direct,  and  that  it  is  developed  in  the  place  where  it  > 
This  inference  is  further  confirmed  by  the  circumstance  that  no  trace  ( 
i  of  polarization  could  be  discovered  in  it.  All  these  meteors,  and  the  bow  with-  ) 
'  I  which  their  play  waa  confined,  must  have  occupied  a  region  above  the  ( 
)  clouds,  since  the  latter  occasionally  intercepted  their  light. 

One  of  the  most  recent  and  detailed  descriptions  of  the  aurora  borealis  it 
j  due  to  M.  Lottin,  an  officer  of  the  French  navy,  and  a  member  of  the  scientific  ) 
iommission  sent  some  years  ago  to  the  north  seas. 

During  the  winter  of  1838-'9,  M.  Loitin  observed  the  auroras  at  Bossekop,  ] 

n  the  bay  of  Alten,  on  the  coast  of  West  Finmark,  in  the  latitude  of  70^  N.  ' 

Between  September,  1838,  and  April,  1839,  being  an  interval  of  two  hundred  ( 

ind  six  days,  he  observed  one  hundred  and  forty-three  auroras :  they  v 

>  most  frequent  during  the  period  which  the  sun  remained  below  the  horizon,  1 

(  that  is,  from  the  17ih  of  I^ovember  to  the  25th  of  January.     During  this  night  J 

J  of  seventy  times  twenty.four  hours,  there  were  sixty-four  auroras  visible,  with-  ? 

<  out  counting  those  which  were  rendered  invisible  by  a  clouded  sky,  but  the  s 

i  presence  of  which  was  indicated  by  the  disturbance  they  produced  on  the  mag-  , 

f  dl 

W   h  g  inio  the  details  of  the  individual  appearances  of  these 

e        w      1    II  1    re  briefly  describe  the  appearances  and  the  successic 
h    g        hi  h  h  y  usually  presented, 

B  h    h  urs  of  four  and  eight  o'clock  in  the  afternoon,  a  light  sea-  ' 

f         h    h    Im       constantly  prevailed,  extendiiy  to  the  altitude  ol]  from  four  ) 

is  d  gr        h    ame  colored  on  its  upper  border,  or  rather  was  fringed  with  J 

th    1  gh     f  h        rora,  which  waa  then  behind  it ;  this  border  became  gradu-  , 

Ih  1      and  look  the  form  of  an  arc  of  a  pale  yellow  color,  the  edges 

d  ITuse,  and  the  extremity  s  rested  on  the  horizon.     This  bow  ) 


r  less  slowly,  i 


i  being  constantly  on  the  n 
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,'ery  nearly  so.     It  was  not  easy  fo  determine  this  with  pre 
j   cision,  because  of  the  motion  of  the  bow,  and  the  great  magnitude  of  the  circle, 

which  it  formed  but  a  small  segment :  blackish  streaks  divided  regularly  the  J 
!  luminous  matter  of  the  arc  and  resolved  it  inWi  a  system  of  rays ;  these  rays 

..a  alternately  extended  and  contracted;  sometimes  slowly,  sometimes  in- 
I  stantaneously ,  sometimes  they  would  dart  out,  increasing  and  diminishing  sud- 
{  denly  in  splendor      The  interior  parts,  or  the  feet  of  the  rays,  presented  always 
I  the  most  vivid  light  and  formed  an  arc  more  or  less  regular.     The  lengili  6f  J 
]  these  rays  was  \erj  \anous  but  they  all  converged  to  that  point  of  the  heaven: 

"      ted  hy  the  dirtction  of  the  southern  pole  of  the  dipping  needle,  as  indi 
I  caied  in  fig.  2      Sometimes  they  were  prolonged  to  the  poBit  where  thei 


5  directions  intetaected  and  formed  the  s 
[  represented  m  hg  3 


The  bow  then  would  continue  lo  ascend  toward  the  zenith  :  it  would  suffer 
an  undulatory  motion  in  its  light — that  is  to  say,  that  from  one  extremity  to  the 
other  the  brightness  of  the  rays  would  increase  successively  in  intensity.    This  J 
luminous  cunent  would  appear  several  times  in  quick  succession,  and  it  would  ) 
pass  much  more  frequently  from  west  to  east  than  in  the  opposite  direction.  } 
Sometimes,  but  rarely,  a  retrograde  motion  would  take  place  immediately  af-  I 
terward ;  and  as  soon  as  this  wave  of  light  would  run  successively  over  all  the 
rays  of  the  aurora  from  west  to  east,  it  would  return,  in  the  contrary  direction, 
to  the  point  of  its  departure,  producing  such  an  effect  that  it  was  impossible  to 

'    say  whether  the  rays  themsekes  were  actually  affected  by  a  motion  of  transla- 
lion  in  a  direction  nearly  horizontal,  or  if  this  more  vivid  light  was  transferred  J 

■    from  ray  to  ray,  the  system  of  rays  themselves  suffering  no  change  of  positio 
The  bow,  thus  presenting  the  appearance  of  an  alternate  motion  in  a  dire      , 
tion  nearly  horizontal,  had  usually  the  appearance  of  the  undulations  or  folds  i 
of  a  riband  or  flag  agitated  by  the  wind,  as  renresented  in  fis.  i.     Sometimes  J 
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j  The  brightness  of  the  rays  would  vary  suddenly,  sometimes  surpassing  in 

J  splendor  stars  of  the  first  magnitude ;  these  rays  would  rapidly  dart  out,  and 

)  curves  would  be  formed  and  developed  like  the  folds  of  a  serpent ;  then  the 

A  rays  would  effect  various  colors,  the  base  would  be  red,  the  middle 

'  the  remainder  would  preser\-e  its  clear  yellow  hue.     Such  was  th 

{  menl  which  ihe  colors  always  preserved ;  ihey  were  of  admirable  traiispar 

1  the  base  exhibiting  blood-red,  and  the  green  of  the  middle  being  that  of  the 

j  pale  emerald ;  the  brightness  would  diminish,  the  colors  disappear,  and  all  be  \ 


inguished,  sometimes  suddenly,  and 
i  this  disappearance,  fragments  of  the  bow 
!  their  upward  movement,  and  approach  the 
)  perspective,  would  be  gradually  shortened 
)  presented  then  the  appearance  of  a  large 
J  be  estimated  ;  then  th  -  .     . 

(  the  point  to  which  thi 


by  slow  degrees, 
lid  be  reproduced,  would  c 
snith  ;  the  rays,  by  the  ell'e< 
the  thickness  of  the  arc,  which  j 
of  parallel  rays  (fig.  6),  would  ) 
of  the  bow  would  reach  the  magnetic  zenith,  o 
iih  pole  of  the  dipping  needle  is  directed.     At  that 


j  moment  the  rays  would  be  seen  in  the  direction  of  their  feet.     If  they  w 
j  colored,  ihey  would  appear  as  a  large  red  band,  through  which  the  green  li 
1  of  their  superior  parts  could  be  distinguished ;  and  if  the  wave  of  light  above  I 
j  mentioned  passed  along  them,  their  feet  would  form  a  long  sinuous  undulating  ) 


the  rays  would  never  suffer 
nd  would   constantly  prei 


!,  while,  throughout  all  these  chi 
^illation  in  the  direction  of  ihi 
nulual  parallelisms. 
While  these  appearances  are 
">  mencing  in  ihe  same  diffuse  n 

I  they  succeed  each  other,  passing  ihrough  nearly  the  same  phi 
J  themselves  at  certain  distances  iirom  each  other.     As  many 


bows  are  formed,  either  c 
with  vivid  and  ready-formed  rays  : 
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ousted,  forming  as  many  bows,  having  their  enda  supported  on  the  earth,  and, 

a  their  arrangement,  resembling  the  short  curtains  suspended  one  behind  the 

\  other  over  the  scene  of  a  theatre,  and  intended  to  represent  the  sky.     Sorae- 

s  the  intervals  between  these  bows  diminish,  and  two  or  more  of  them 

J  close  upon  each  other,  forming  one  large  zone,  traversing  the  heavens,  and  dis- 

J  appearing  toward  the  south,  becoming  rapidly  feeble  after  passing  the  zenith. 

}  But  sometimes,  also,  when  this  zone  extends  over  the  summit  of  the  firmament 

f  from  east  lowest,  the  mass  of  rays  which  have  already  passed  beyond  the  mag- 

lenith  appear  suddenly  to  come  from  the  south,  and  to  form  with  those 

S  from  the  north  the  real  boreal  corona,  all  the  rays  of  which  converge  to  the 

This  appearance  of  a  crown,  therefore,  is  doubtless  the  mere  effect  of  ) 
5  perspective  ;  and  an  obsen-er,  placed  at  the  same  instant  at  a  certain  distance  } 
(  to  the  norlh  or  to  the  south,  would  perceive  only  a 
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uth  than  in  the  s 
he  corona  would  J 
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f  1  gh     ssue  forth  v 
h      1   igth  and  bright-  ) 
h  m       intervals ;  that  ) 
eed  each  other ; 
and  magniticen 
ppl    d  by  the  ground— 
im      d  black  as  a  pitchy  J 
y  b      b       ed  of  the  splei 

rt  from  the  J 
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I  did  spectacle  which  presents  itself  to  him  who  witnesses  the  a 

5  bay  of  Aken. 

The  corona,  when  it  is  formed,  only  lasts  for  some  minutes  :  it  sometimes  J 
I  forms  suddenly,  withont  any  previous  bow.     There  are  rarely  more  than  V 
m  the  same  night ;  and  many  of  the  auroras  arc  attended  with  no  crown  at  s 
The  corona  becomes  gradually  faint,  the  whole  phenomenon  being  to  I 
i  fionth  of  the  zenith,  forming  bows  gradually  paler,  and  generally  disappearing  i 
(  beforetheyreachthesouthernhorizon.    Allthismostcomraonlytakesplaceinthe  ( 
[  first  half  of  the  night,  after  which  the  aurora  appears  to  have  lost  its  intensity  :  J 
j  the  pencils  of  rays,  the  bands  and  the  fragments  of  bows,  appear  and  disappear  ai 
i  intervals  ;  then  the  rays  become  more  and  more  diffused,  and  ultimately  merge  ^ 
J  into  the  vague  and  feeble  light  which  is  spread  over  the  heavens  grouped  like 
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THE  AURORA  EOREALIS.  95 

little  clouds,  and  designated  by  the  name  of  auroral  flaUs  [plagues  aurorales). 
\  Their  milky  light  frequently  undergoes  striking  changes  in  its  brightness,  like 
s  of  dilatation  and  contraction,  which  are  propagated  reciprocally  be- 
n  the  centre  and  the  circumference,  like  those  which  are  observed  in  ma- 
e  animals  called  Medusce.     The  phenomena  become  gradually  more  faint,  > 
J  and  generally  disappear  altogether  on  the  appearance  of  twilight.     Sometimes,  ' 
;  hovvever,  the  aurora  continues  after  the  commencement  of  daybreak,  when  the  C 
{  light  is  so  strong  that  a  printed  book  may  be  read.     It  then  disappears,  soi 
3  suddenly  ;  but  it  often  happens  that,  as  the  daylight  augmenis,  the  aui 
J  becomes  gradually  vague  and  undefined,  takes  a  whitish  color,  and  is  ultimately  J 
ingled  with  the  cirrho-stratus  clouds  that  it  is  impossible  to  distinguish  it  ( 
{  from  them. 

Among  the  various  theories  and  hypotheses  which  have  been  proposed  to  ) 
J  explain  auroras,  that  which  appears  most  entitled  to  attention  has  been  suggested  i 
}  by  M.  Biot. 

i  The  first  question  which  naturally  urges  itself  upon  the  consideration  of  the  J 
?  scientific  inquirer  is,  whether  the  phenomenon  is  to  be  regarded  as  meteoro-  X 
\  logical  or  astronomical ;  in  other  words,  whether  it  takes  place  within  the  limits  i 
)  of  our  atmosphere,  and  partakes  in  common  with  that  fluid  in  the  diurnal  motion  X 
)  of  the  earth,  or  is  situate  in  a  region  beyond  the  limits  of  the  atmosphere,  bf 
i  seen  through  it,  like  the  stars,  planets,  comets,  and  other  celestial  objects.  The  \ 
J  relation  which  the  form  of  aurora  invariably  bears  to  the  direction  of  the  mag-  \ 
ic  meridian  raises  a  prima  facie  presumption  in  favor  of  the  phenomenon  be-  ■ 
atmospheric ;  but  all  doubt  on  this  question  has  been  removed  by  the  obser-  ' 
J  vations  of  M.  Biot,  from  which  it  appears  that  the  apparent  place  of  the  aurora  ( 

relation  to  celestial  objects  is  not  fixed ;  that  its  altitude  and  azimuth  do  n 
)  undergo  those  hourly  changes  to  which  celestial  objects  are  subject ;  and  that  j 

4  they  undergo  no  motion,  in  reference  to  the  zenith  or  horizon,  such  as  would  be  } 
(  produced  by  the  diurnal  rotation  of  the  earth.     It  must  then  be  taken  as  den 
)  strated,  that  the  aurora  borealis  is  a  phenomenon  placed  within  the  limits  of  j 

)ur  atmosphere,  and  that  it  is  connected  with  the  atmosphere  or  with  some  ma 
er  suspended  in  it,  partaking  of  the  diurnal  motion  common  to  the  atmospher 
ind  the  globe. 

The  fact  that  the  rays  or  columns  of  light  are  always  paralled  to  the  dipping  S 
leedle,  and  that  the  bows,  coronse,  and  other  visible  forms  which  the  pheno 
sna  affect,  are  always  symmetrically  placed  with  respect  to  the  magnetic  n 
I  ridian,  demonstrate  that  the  cause  of  the  phenomena,  whatever  it  may  be,  has  ( 
tn  intimate  relation  with  that  of  terrestrial  magnetism, 

M.  Biot  conceives  that  the  luminous  columns  composing  the  aurora  have  not 
n  reality  the  position  or  form  which  they  appear  to  the  eye  to  have  ;  but  that 

i'  their  apparent  form  is  merely  the  result  of  perspective.     He  considers  that  the 
phenomenon  is  produced  by  an  infinite  number  of  luminous  columns,  parallel  S 
to  the  dipping  needle  and  to  each  other,  arranged  side  by  side  at  nearly  the  J 
same  height  from  the  surface  of  the  earth ;  these  systems  of  columns  being  5 
placed  at  unequal  distances  from  the  eye,  and  seen  under  different  angles 
obliquity,  are  projected  into  various  figures,  which  are  subject  to  variation  \ 
arising  from  the  varying  splendor  of  their  component  rays. 
,       It  has  been  attempted,  on  various  occasions,  to  determine  the  height  of  auroras 
J  by  the  same  method  which  has  been  applied  with  such  accurate  results  to  the 
I  determination  of  the  distances  of  the  sun,  moon,  and  other  celestial  objects. 
(  This  method  consists  in  the  comparison  of  two  observations  of  the  exact  ap- 
I  parent  place  in  lie  heavens  observed  at  the  same  moment  in  distant  parts  of  the  \ 
J  earth.     Many  causes,  however,  conspire  to  render  this  method  inapplicable  to  J 

5  auroras ;  among  which  may  be  mentioned  the  difficulty  of  making  the  two  ob-  J 
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ions  at  the  same  instant  of  time,  and  the  total  impossibility  of  tlie  two  ob- 
■s  being  certain  of  directing  their  observations  to  precisely  the  same  point  of   j 


To  such  causes  must  be 
5  the  height  of  auroras  ■  obtained  in  t 
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e  of  the  observer ;  and  if  the  existence  of  such  sounds  be  thus  adin 
j  it  must  be  also  admitted  that  the  height  of  the  aurora  is,  at  least  in  such  cases 
(  infinitely  less  than  is  commonly  estimated ;  and  if,  in  particular  cases,  iii 
)  height  be  so  small,  it  is  probably  in  all  others  proportionally  under  the  highes 
estimates  which  have  been  made  of  it. 
From  a  comparison  of  all  the  observed  effects,  it  may  then  be  assumed  a; 
J  nearly,  if  not  conclusively,  proved,  that  the  aurora  borealis  is  composed  of  rea 
J  clouds  proceeding  generally  from  the  north,  and  formed  of  extremely  attenuated  ) 
d  I        lOiis  matter  floating  in  ihe  atmosphere,  which  frequently  arrange  them-  < 
1  series  of  lines  or  columns  parallel  to  the  dipping  needle.     What 

f  the  matter  is  composing  such  clouds  must,  in  the  present  st^ui 
est  upon  mere  conjecture.     The  following  is  the  substance  ol'  the  J 
h    ry    f  M.  Biot  on  this  subject  already  referred  to ; — 
Am        material  substances,  certain  metals  alone  are  susceptible  of  magnet- 
m  ce,  then,  the  luminous  matter  composing  the  aurora  obeys  the  magnetic 

of  the  earth,  it  is  very  probable  that  the  luminous  clouds  of  which  it 
are  composed  of  metallic  particles  reduced  to  an  extremely  minute  and 
1  il   f    m.    This  being  admitted,  another  consequence  will  immediately  ensue, 
h  m    allic  clouds,  if  the  expression  be  allowed,  will  be  conductors  of  elec- 
y  more  or  less  perfect,  according  to  the  degree  of  proximity  of  their  con- 
pariicles.     When  such  clouds  arrange  themselves  in  columnar  forms,  ' 
1  ect  strata  of  the  atmosphere  at  diflerent  elevations,  if  such  strata  be 

q    Uy  charged  with  electricity,  the  electrical  equilibrium  will  be  re-eslab- 
1  d  hrough  the  intervention  of  the  metallic  columns,  and  light  and  sound  ) 
.1  b     evolved  in  proportion  lo  the  imperfect  conductability  of  the  metallic  < 
d       ising  from  the  extremely  rarefied  stale  of  the  metallic  vapor,  or  fine  ) 
f   vhich  they  are  constituted.     All  the  results  of  electrical  experiments  J 
nee  these  suppositions,  when  the  phenomena  are  produced  in  the  ) 
vated  regions,  where  the  air  is  highly  rarefied,  little  resistance  being  J 
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[1  of  the  electric  fluid ;  light  alone  is  evolved  without  S' 
i  observed  when  electricity  is  transmitted  through  exhausted  J 
J  tubes  ;  but  when  the  aurora  is  developed  in  the  lower  strata  of  the  atmosphere,  \ 
?  it  would  produce  the  hissing  and  cracking  noise  which  appears  to  be  heard  on  | 
i  some  occasions.  If  the  metallic  cloud  possess  the  conducting  power  in  a  high  j 
}  degree,  the  electric  current  may  pass  through  it  without  the  evolution  of  either  j 
(  light  or  sound ;  and  thus  the  magnetic  needle  may  be  affected  as  it  would  be  { 
j  by  an  aurora  at  a  time  when  no  aurora  is  visible.  If  any  cause  alters  the  con-  j 
S  ductability  of  those  columnar  clouds  suddenly  or  gradually,  a  sudden  or  gradual  j 
?  change  in  the  splendor  of  the  aurora  would  ensue.  j 

J  According  as  those  clouds  advance  over  more  southern  countries,  the  direc-  j 
f  tion  of  their  columns  being  constantly  parallel  to  the  dipping  needle,  they  take  j 
j  gradually  a  more  horizont^  position,  and  consequently  the  strata  of  atmosphere  j 
?  at  their  extremities  become  gradually  less  distant,  and  consequently  more  j 
i  nearly  in  a  state  of  electrical  equilibrium  ;  hence  it  follows,  that  as  the  latitude  \ 
}  diminishes,  the  appearance  of  aurora  becomes  more  and  more  rare,  until,  in  the  ) 
S  lower  latitudes,  where  the  columns  are  nearly  parallel  to  the  horizon,  such  ( 
)  phenomena  are  never  observed.  _  i 

{      This  ingenious  and  beautiful  theory  still,  however,  requires,  before  its 
(  lidity  can  be  admitted  by  the  rigid  canons  of  modem  physics,  that  the  n 
j  fact  on  which  it  rests  should  be  proved  :  it  is  necessary  that  it  should  be  \ 
)  shown  that  such  metallic  clouds  as  are  here  supposed,  and  on  the  agency  of  J 
i  which  the  whole  theory  is  based,  should  be  accounted  for.     This  der       '  ' 
)  accordingly  answered  by  M.  Biot. 
i       The  magnetic  pole,  or  its  vicinity,  is  evidently  the  point  from  which  these  ( 
}  columnar  masses  of  meteoric  light  proceed.     Therefore,  the  extremely  minute  j 
J  rays  composing  these  columns  must  issue  from  the  earth  in  that  region.      Now  j 
}  it  is  well  known  that  that  part  of  the  globe  is,  and  always  has  been,  character-  j 
J  ized  by  the  prevalence  of  frequent  and  violent  volcanic  eruptions,  and  several  ( 
j  volcanoes  have  been,  and  still  are,  in  activity  round  the  place  where  the  mag-  S 
1  neiic  pole  is  situate.     These  eruptions  are  always  accompanied  by  electric  j 
J  phenomena.     Thunder  issues  from  the  volcanic  clonds  ejected  by  the  craters ;  S 
5  and  these  clouds  of  volcanic  dust,  thus  charged  with  electricity,  are  projected  J 
j  to  great  heights,  and  carried  to  considerable  distances  through  the  air,  carrying  J 
{  with  them  all  the  electricity  taken  from  the  crater. 
)      These  vast  eruptions,  issuing  from  depths  so  unfathomable  that  they  si 
S  most  to  penetrate  the  globe,  and  issuing  with  such  violence  from  the  gull's  by  I 
)  which  they  are  projected  into  the  atmosphere,  must  necessarily  produce  strong 
i  vertical  currents  of  air,  by  which  the  volcanic  dust  will  be  carried  to  an  eleva- 
(  tion  exceeding  that  of  common  clouds.     Travellers  who  have  visited  Iceland 
J  have  often  seen  suspended  over  it,  during  eruptions,  a  species  of  volcanic  fog. 
(  Such  clouds  are  known  to  be  of  a  sulphureous  and  metallic  nature,  painfully  irri- 
i  tating  the  eyes,  month,  and  nostrils.     Moreover,  the  existence  of  dry  fogs,  dif-  i 
<  fusing  a  fetid  and  sulphureous  odor,  was  ascertained  in  1783,  when  all  Europe 
S  was  enveloped  in  a  fog  of  that  description. 

}  To  this  it  may  be  added,  that  more  recent  observations  have  rendered  it 
1  highly  probable,  if  not  certain,  that  metallic  matter,  and  more  particularly  iron 
(  in  a  pure  and  uncombined  state,  is  frequently  precipitated  from  the  clouds  in. 
(  thunder-storms. 

(  To  the  theory  of  M.  Biot  it  is  objected  by  M.  Becquerel,  that  the  existence 
)  of  metal  iti  that  uncombined  form,  in  which  alone  it  has  the  conducting  power, 
(  in  volcanic  eruptions,  has  not  been  proved  ;  that  the  matter  ejected  from  vol- 
i  canoes  consists  of  vitrified  substances,  sihcates,  aluminates,  and  other  sub- 
{  stances,  which  are  non-conductors,  but  that  pure  metal  is  never  found. 
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At  Ihe  time  when  M.  Biot  promulgated  his  theory,  it  was  necessary  for  hin 
assign  an  adequate  source  whence  the  electricity  was  derived,  to  which  j 
ascribed  the  aurora ;  and  he  accordingly  supposed  it  to  proceed  from  the  i 
polar  volcanoes.     In  lie  progress  of  electrical  discovery,  so  many  new  sources 
of  electricity  have,  however,  been  since  disclosed,  that  this  part  of  his  hypothe- 
sis bas  become  needless. 

The  following  hypothesis  has  been  suggested  by  Professor  Fataday  {Exp. 
Research.  !92)  :— 

"  I  hardly  dare  venture,  even  in  the  moat  hypothetical  form,  to  ask  whether  s 
the  anrora  borealis  and  australis  may  not  be  the  discharge  of  electricity,  thus  ) 
urged  toward  the  poles   of  the  earth,   whence  it  is    endeavoring  to  return 
by  natural  and  appointed  means  above  the  earth  to  the  equatorial  regions.    The 
non-occurrence  of  it  in  very  high  lalitndes  is  not  at  all  against  the  supposition ; 
and  it  is  remarkable  that  Mr.  Fox,  who  observed  the  deflections  of  the  magnetic 
needle  at  Falmouth,  by  the  aurora  borealis,  gave  that  direction  of  it  which  per- 
!  feclly  agrees  with  the  present  view."     The  manner  in  which  the  electricity 
(  above  alluded  to  is  urged  toward  the  poles,  belongs  to  another  division  of  our 
J  subject,  "  Magneto  Electricity."    If  the  above  view  is  correct,  may  it  not  help 
IS  in  the  difficult  question  of  atmosph  n      I  > 

The  mode  adopted  to  illustrate  the    1  1  f  h 

!  haust  a  Call  glass  tube  by  means  of  th      ir  p      p       1  h  p 

(  of  electric  sparks  down  the  interior  ofhbf  hp  d  of 

5  the  machine.     The  effects  produced  by     p         f  1        h  I    11 

a  close  inspection  shows  that  the  wh  lb  m     fill  d  w  h  f 

miniature  flashes  of  lightning ;  the  col  fmh  albll  1 

J  light  to  a  i?ivid  violet.     The  most  exal    dtf        h       b        pd      dly 
!  of  the  hydro-electric  machine.     The  f    1      ra    hi  q    1 

j  spark  of  twelve  or  fourteen  inches  inth       mph  dhf        fpw 

>  to  pass  readily  through  four  or  five  f         f  p        1  d        q         ty 

(  equivalent  to  a  charge  of  eighty  feet    f  d       f  d       A  p 

culiar  effect  attending  this  powerful  d     h    g  1  ml 

(  appears  wilh  a  bright  line  of  light  pro      dgfm       hdfh       b         d 
)  revolving  spiral  embracing  the  lower  p 

The  falling  star  is  an  experiment  of   h  1     h  f  d      d 

n  books  on  electriciiy.     Cavallo  says  (1         p         )      Wh       h 
lot  exhausted,  the  discharge  of  a  jar  h        h      m    p 
j  small  globule  exceedingly  bright."     Whence  we  often  he 
J  charge  of  a  battery  will  produce  a  ball  of  light  passing  from  one  end  to  the 
}  other  of  the  exhausted  receiver.     If  this  really  were  the  case,  it  would  be  a 
mportant  experiment ;  for  if  the  ball  were  seen  to  pass  from  one  end  to 
)  the  other,  it  would  follow  that  its  direction  had  been  actuaEy  seen  ;  and,  if  so, 
j  the  one-fluid  theory  would  have  been   demonstrated.     But  very  little  reflection 
vil!  suffice   to  show  the  impossibility  of  such  an   appearance ;  for,  admitting 
5  the  actual  existence  of  a  ball,  though  we  are  more  inclined  to  suppose  that  any 
)  such  thing  would  be  like  an  oblong  spheroid,  the  extreme  velocity  of  electricity 
j  would  take  it  to  the  end  of  its  course  before  the  impression  of  its  first  appear- 
e  on  the  retina  had  subsided ;  just,  indeed,  as  die  rotating  wheel,  having 
(  red  radii,  appears  entirely  red  during  the  period  of  rapid  rotation  ;  and  so,  in- 
lead  of  seeing  a  ball,  if  such  really  were  there,  the  eye  would  recognise  a 
lontinuons  line  of  light.     And  this  is  actually  the  case.     We  havs  ourselves 
?  repeated  the  experiment  under  very  favorable  circumstances,  and  in  the  pres- 
!  of  very  competent  witnesses,  and  one  and  all  agreed  in  perceiving 
y  Ccise  a  distinct  continuous  line  of  light,  but  no  appearance  of 
j  falling  star. 
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THE  AUaOItA  BOEEALIS. 

An  extraordinary  experiment,  illustrative  of  the  theory  of  the  aurora  similar 
to  that  suggested  by  Faraday,  with  the  addition  that  "  electricity  is  radiated  in 
a  peculiar  manner  fiMm  magnetized  bodies,"  was  introduced  by  Mr.  Nott  at  the 
meeting  of  the  British  Association  at  Cork  {1843).  He  rotated  a  steel  globe, 
and  passed  magnets  irom  the  equator  to  the  poles,  till  the  globe  was  perfectly 
magnetized.  He  then  inaulated  the  globe,  and  placed  an  insulated  ring  around 
its  equatorial  regions.  He  connected  the  ring  with  the  prime  conductor  of  the 
resinous  plate  of  his  "  rheo-eleclric  machine,"  and  one  pole  of  the  globe  with  the 
conductor  of  the  vitreous  plate.  It  is  necessary  to  mention,  that  the  machine 
alluded  to  consists  of  two  parallel  plates,  one  glass,  the  other  resin,  rotating  on 
the  same  axis,  and  provided  with  separate  rubbers.  The  circuit,  including  the 
rubbers  and  conductors,  is  completed  in  various  ways  ;  the  machine  is  described 
as  producing  a  current  of  electricity  of  tension  analogous  to  that  of  the  pile. 
In  the  present  experiment,  when  the  machine  is  rotated,  a  truly  beautiful  and 
^luminous  discharge  takes  place  between  the  unconnected  pole  of  the  globe  and 
the  ring,  A  dense  atmosphere  is  more  favorable  to  the  success  of  the  experi- 
ment than  a  dry  one.  It  had  then  the  appearance  of  a  ring  of  light,  the  upper 
part  of  which  was  brilliant,  and  the  under  dark :  above  the  ring,  all  around  the 
axis  vrere  foliated  diverging  flames,  one  behind  the  other. 

In  Captain  Franklin's  narrative,  the  auroras  observed  at  Fort  Enterprise,  in 
North  America,  are  described  by  Lieutenant  Wood  as  follows  :— 

They  rise  with  their  centres  sometimes  in  the  magnetic  meridian,  and 
sometimes  several  degrees  to  the  eastward  or  westward  of  it.  The  number 
visible  seldom  exceeds  five,  and  is  seldom  limited  to  one.  The  altitude  of  the 
lowest,  when  first  seen,  is  never  less  than  four  degrees.  As  they  advance 
toward  the  zenith,  their  centres  {or  the  parts  most  eleval  d)  p       n  urse 

in  the  magnetic  meridian,  or  near  to  it ;  but  the  eastern      d  w  emi- 

lies  vary  their  respective  distances,  and  the  arches  becom  rr  il  I  broad 
streams  in  the  zenith,  each  dividing  the  sky  into  two  nneq  1  p  b  ever 
crossing  one  another  until  they  separate  into  parts.  The  p  rt  hi  vere 
bright  at  the  horizon,  increase  their  brilliancy  in  the  zen  It     nd  d  the 

beams  of  which  they  are  composed,  where  the  interior  m  ap  d      This 

interior  motion  is  a  sudden  glow,  not  proceeding  from  any  visible  concentra- 
tion of  matter,  but  bursting  out  in  several  parts  of  the  arch,  as  if  an  ignition  of 
combustible  matter  had  taken  place,  and  spreading  itself  rapidly  toward  each 
extremity.  In  this  motion  the  beams  are  formed.  They  have  two  motions  : 
one  at  right  angles  to  their  length,  or  sidewise,  and  the  other  a  tremulous  and 
short  vibration,  in  which  they  do  not  exactly  preserve  their  parallelism  to  each 
other.  The  wreaths,  when  in  the  zenith,  present  the  appearance  of  coronte 
boreales.  The  second  motion  is  always  accompanied  by  colors  ;  for  it  must 
be  observed  that  beams  are  often  formed  without  any  exhibition  of  colors,  and 
I  have  not  in  that  case  perceived  the  vibratory  motion. 

The  northern  lights  are  sometimes  tinged  with  the  various  prismatic  colors, 
among  which  orange  and  green,  but  more  frequently  the  different  shades  of 
red,  predominate.  Maupertius  describes  one  seen  by  him  in  Lapland,  by  which 
an  extensive  region  of  the  heavens  toward  the  south  appeared  tinged  with  so  live- 
ly a  red,  that  the  whole  constellation  of  Orion  seemed  as  if  dyed  in  blood.  Some 
observers  of  this  meteor  have  affirmed  that  they  have  heard  a  rustling  or  crack- 
ling sound  proceed  from  it ;  doubts  have,  however,  been  entertained  on  this  point, 
from  the  circumstance  that  no  such  noises  were  heard  by  Scoresby,  Richard- 
son, Franklin,  Parry,  and  Hood,  who  observed  the  polar  lights  with  great  care, 
under  ihemost  favorable  circumstances,  in  very  high  latitudes.  But  the  testimo- 
ny of  other  observers  is  so  positive  a  kind,  as  to  leave  no  reasonable  doubt  that 
the  phenomenon  has,  at  least  inparticularinstances,been  accompanied  bvsoundi 
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From  the 
seem  that  the  phenomenon  wa 
it  must  be  kept  in  mind  that 
much  attended  to  as  at  present, 
ficient  accuracy  in  his  book,  of 
Pliny,  Cicero,  and  Seneca 


been  coilecled  of  llie  polar  lights,  it  would  J 
frequent  in  former  ages  than  it  is  now  ;  but  ( 
observations  have  not  always  been 
Aristotle  describes  the  phenomenon  with  s 

Allusions  are  also  made  to  it  by  J 
must  have  been  witnessed  by  the 
■    ■     s  of  arm 


that 


the  climates  of  Greece  and  Italy,  The  descriptioi 
fighting  in  the  air,  and  similar  observations,  in  tlie  dark  ages,  doubtles 
their  origin  to  the  striking  and  fantastic  appearances  of  the  northern  lights.  | 
It  is  remarkable,  however,  that  no  mention  is  made  by  any  English  w 
an  aurora  borealis  having  been,  observed  in  England  from  the  year  1621  lo  J 
1707.  Celsius  says  expressly  that  the  oJdest  inhabitants  of  Upsala  considered  ? 
the  phenomenon  a  great  rarity  before  1716.  In  the  month  of  March  in  that  J 
year,  a  very  splendid  one  appeared  in  England,  and  by  reason  of  its  brilliancy  ? 
attracted  universal  attention.  It  has  been  described  by  Dr.  Halley  in  the  Philo- 
sophical Transactions,  No.  347.  Since  then  the  meteor  has  been  much  more  ? 
common,  A  complete  account  of  all  the  appearances  of  auroras  recorded  pre  vi-  } 
ous  to  1754  maybe  found  inthe  workof  Mairan,  "  Traits  de  1' Aurora  Boraele." 

The  aurora  is  not  confined  to  the  northern  hemisphere,  similar  appearances  J 
being  observed  in  high  southern  latitudes.     An  aurora  was  observed  by  Dot 
Antonio  d'Ulloa  at  Cape  Horn  in  1745  ;  one  appeared  at  Cuzco,  in  1744 ;  ant 
another  is  described  by  Mr.  Forster  (who  accompanied  Captain  Cook  in  hii 
last  voyage  round  the  world),  which  was  seen  by  him  in  1773,  in  latitude  58°  i 
south,  and  resembled  entirely  those  of  the  northern  hemisphere,  excepting  that  j 
the  light  exhibited  no  tints,  but  was  of  a  clear  while.     Similar  testimony  is  j 
given  by  subsequent  navigators. 

There  is  great  difficulty  in  determining  the  exact  height  of  the  a 
realis  above  the  earth,  and  accordingly  the  opinions   given  on  this  subject  by  ? 
different  observers  are  widely  discordant.     Mairan  supposed  the  mean  height  J 
to  be  one  hundred  and  seventy-five  French  leagues  ;  Bergman  says  four  hun- 
dred and  sixty,  and  Enler  several  thousand  miles.     From  the  comparison  of  a 
number  of  observations  of  an  aurora  that  appeared  in  March,  1826,  made  at 
different  places  in  the  north  of  England  and  south  of  Scotland,  Dr.  Dalton,  in 
a  paper  presented  to  the  Royal  Society,  computed  its  height  to  be  about  one 
hundred  miles.     But  a  calculation  of  this  sort,  in  which  it  is  of  necessity  sup- 
posed that  the  meteor  is  seen  in  exactly  the  same  place  by  the  diflerent  ob- 
servers, is  subject  to  very  great  uncertainty.     The  observations  of  Dr.  Rich- 
ardson, Franklin,  Hood,  Parry,  and  others,  seem  to  prove  that  the  place  of  the  ( 
aurora  is  far  within  the  limits  of  the  atmosphere,  and  scarcely  above  the  region  5 
of  the  clouds  ;  in  fact,  as  the  diurnal  rotation  of  the  earth  produces  n 
in  its  apparent  position,  it  must  necessarily  partake  of  iliat  motion,  a 
quently  be  regarded  ns  an  atmospherical  phenomenon. 
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ELECTRICITY. 


Althouoh  it  has  been  reserved  for  modem  limes  to  bring  to  perfection  the  J 
nelhods  of  investigation  pursued  in  physical  researches,  these  great  divisions  J 
J  of  human  knowledge  have  nevertheless  been  always  progressive.     If  the  la-  J 
)  bors  of  the  ancients  were  obstructed,  their  advancement  retarded,  and  their  ? 
\  p  odu     ons  disfigured  by  fantastical  theories  ;  the  facts  they  accumulated,  the  J 
?  ph     om  na  they  described,  and  the  observations  they  recorded,  have  formed  a 
J  b  qu      of  the  highest  value  to  the  better  disciplined  inquirers  and  observers 
J  of  la  e    days      Astronomy    the  mechanics   of  solid  and  fluid  bodies   and  the 
phj      3  of  the  imponderable  agents  light  dnd  heat  received  aeierally  mire  or 
le  s        n  ion  at  an  early  epoch  of  the  progress  oi  human  knowledge     and  the  J 
e  ul    of  ancient  researches  in  so  ne  of  these  branches  of  science  astronomy  J 
}  fo   example  form  an  important  element  of  the  knowledge  we  now  possess    j 
y,  however   is  a   remarkable   exception  to   this   state   of  progressive  J 
me    .     To  that  particular  divis  on  of  physics  antiqmtj  has  contributed  j 
J  absolu   ly  nothing      1  he  last  discoveries  which  ha  e  accumulated  rdpectm 
t  ex     ordinary  agent  by  which  its  connexion  with  and  influence  upon  th 
ol       atenat  universe  its  relations  to  the  phenomena  of  organized  bodies    , 
p  rt     plajs  in  the  functions  of  animal  and  vegetable  Mtality,  its  subservi    i 
e       he  uses  of  man  as  a  mechanical  power    its  intimate  connexion  with  } 
h  tji  cal  constitution  of  material  substances    in  fine  its  application  in  al 
e  V  division  of  the  sciences    and  every  department  ot  the  arts  have 
n  sc    rallj  demonstrated  are  exclusively  and  peculiarly  due  to  the  spirit  i 
J  of     od    a  research  and  in  a  great  degree  to  the  labors  of  the  present  age 
lb    b  ginnings  of  science  have  often  the  appearince  of  chance      A  felici 
3U    Q  c  dent  throws  a  certain  natural  fact  under  the  notice  of  an  inquiring  and  J 
(  philosophic  mind.     Attention  is  awakened  and  investigation  provokdU.     bimi- 
[  lar  phenomena  under  varied  circumstances  are  eagerly  sought  for ;  and  if  in 
!  the  natural  course  of  events  they  do  not  present  themselves,  circumstances  are 
J  designedly  arranged  so  as  to  bring  about  their  production.     The  seeds  of  \ 
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ce  are  thuft  sown  and  soon  begin  lo  eemiinle      Whether  such  primary  S 
are  really  fortmtoii     or  ougkt  not  ratter  to  be  iie  ved  as  the  prompting 
(  of  Him,  whose  will  is  that  intellectual  progression  shdU  be  incessant,  it  is  cer- 
j  tain  that  they  not  only  give  the  first  impetus  to  science    but  their  occasional  \ 
i  and  timely  occurrence  m  its  progress  produces  Irequentlv  greater  effects  oi 
)  celerity  of  its  adiancement  than  the  most  esdlted  powers  of  the  human  n 
(  unsupported  by  such  aid    have  ever  accomplished      It  may  then  be  imagined  j 
S  that  if  any  such  hints  were  offered  by  ordimry  phenomena,  an  agent  so  all-  ! 
<  pervading  as  electricity  could  scarcely haieeludednotice, or  failed  to  command  } 

>  attention,  during  a  succession  of  ages  which  witnessed  the  growth  and  exten 
J  sion  of  so  many  other  parts  of  natural  knowledge.  On  the  contrary,  the  ciasi 
}  of  effects  in  which  electricity  originated  was  observed  by  and  well  known  U 

i  the  early  philosophers  of  Greece.  Thales,  six  centuries  before  the  Christian  J 
vaa  acquainted  with  the  property  of  amber,  from  which  electricity  der 
ime  ;  *  and  Theophrastus  and  Pliny,  as  well  as  other  writers,  Greek  and  ) 
}  Roman,  mention  the  property  of  this  and  certain  other  substances,  in  virtue  of 
{  which,  when  submitted  to  friction,  they  acquire  the  power  to  attract  straws, 
{  and  other  light  bodies,  as  a  magnet  attracts  iron.  In  the  spirit  which  charac- 
J  terized  the  times,  such  effects  were  regarded  with  feelings  of  superstition.  A 
\  soul  was  ascribed  to  amber,  ajid  it  was  held  sacred. 

Nor  were  these  the  only  phenomena  which  presented  themselves  to  the  an- 
lients,  and  afforded  them  a  clue  to  the  foundation  of  this  part  of  physics. 
Various  other  scattered  facts  arc  recorded,  which  prove  that  nature  did  not 
;onceai  her  secrets  with  more  than  usual  coyness  in  this  case.     The  luminous  J 
!  appearance  attending  the  friction  of  those  substances  which  exhibited  electrical  i 
J  effects  was  observed.     The  Roman  historians  record  the  frequent  appearance  c 
J  of  a  flame  at  the  points  of  the  soldiers'  javelins,  at  the  summits  of  the  masts  of  ( 
hips,  and  sometimes  even  on  the  heads  of  the  seamen. f     The  effects  of  the  \ 
orpedo  and  electrical  fishes   are   referred  to  by  Aristotle,    Galen  and  Oppia 
nd  at  a  period  less  remote,  Eustathius,  in  his   Commentary  on  the  Uiad  of  ! 
lomer,  mentions  the  case  of  Wahmer,  a  Gothic  chief,  the  father  of  Theodo- 
ic,  who  used  to  eject  sparks   from   his  body  ;  and  further  refers   to  a  certain 
ncient  philosopher,  who  relates  of  himself  that  on  one  occasion,  when  chan-  5 
5  ging  his  dress,  sudden  sparks  were  emitted  from  his  person  on  drawing  off  his  ■ 
)  clothes,  and  that  flames    occasionally    issued  from,   bim,    accompanied  by  a  | 
(  crackling  noise.J: 

Such  phenomena  attracted  httle  attention,  and  provoked  no  scientific  research.  | 
i  Vacant  wonder  was  the  most  exalted  sentiment  they  raised  ;  and  (hey  accord-  ■ 
remained,  while  twenty  centuries  rolled  away,  barren  and  isolated  facts  { 
J  upon  the  surface  of  human  knowledge.  The  vein  whence  these  precious  frag-  ■ 
?  ments  were  detached,  and  which,  as  we  have  shown,  cropped  out  sufficiently  i 
s  often  to  challenge  the  notice  of  the  miner,  continued  unexplored  and  undisc 
)  ered  ;  and  its  splendid  treasures  were  reserved  to  reward  the  toil  and  crown  i 
(  the  enterprise  of  our  generation. 

>  The  work  of  classification  and  generalization  was  first  commenced  upon  the 
j  phenomena  of  electricity  by  Gilbert,  an  English  physician,  in  a  work  entitled 
I  De  Magnete,  published  in  the  beginning  of  the  seventeenth  century.     In  this 

.se,  the  substances  then  known  to  be  susceptible  of  electrical  excitement 
enameraiod,  and  several  of  the  circumstances  which  affect  the  production 
J  of  elecirlctti  phenomena,  such  as  the  hygrometric  state  of  the  atmosphere. 
?  were  explained.     Between  that  period  and  the  earher  part  of  the  last  century 


I  Eustadi.  ID  Iliad.  E. 


la  Lys,    P!in.  si 


y  Google 


;LECTaiCJTY. 


105 


of  the  importance  of  elec- 
d  on  it  no  attention.     One  ) 
,  in  which  he  shows  that  when  J 
attraction  will  be  ti 
effect  on  any  light  subst- 


j  the  science  was  noi  advanced  by  any  capital  discoveries.  In  that  interval, 
f  however,  Otto  Guericke,  celebrated  as  the  inventor  of  the  air-pump,  contrived 
J  the  first  electrical  machine.  This  apparatus  consisted  of  a  globe  of  sulphur, 
i  mounted  upon  a  horizontal  axis,  from  which  it  received  a  motion  of  rotation, 
i  by  means  of  a  common  handle  or  winch.  The  operator  turned  this  handle 
(  with  one  hand,  while  with  the  other  he  applied  a  clolh  to  the  globe,  the  friction 
)  of  which  produced  die  electrical  state. 

j  Aided  by  such  apparatus,  this  philosopher  discovered,  that  after  a  light  sub- 
{  stance  has  been  attracted  by  and  brought  into  contact  with  an  electrified  body, 
J  it  will  not  be  again  attracted,  but,  on  the  contrary,  will  be  repelled  by  the  same 
I  body  ;  but  that  after  it  has  been  touched  by  the  hand,  its  primitive  condition  is 
J  restored,  and  it  is  again  attracted.  He  also  showed  that  a  body  becomes  eiec- 
5  trie  by  being  brought  near  to  an  electrified  body  without  touching  it ;  but  ofTer- 
■  ed  no  explanation  of  this  fact,  which,  as  will  be  seen  hereafter,  indicated  one 
I  of  the  most  important  principles  of  electrical  science. 

Whether  it  was  that  all  his  attention  was  altogether  engrossed  by  the  re- 
!  searches  which  he  prosecuted  with  such  splendid  results  in  astronomy,  the 
'  higher  mechanics,  and  optics,  or  that  facts  had  not  yet  accumulated  in  sufficient 
!  number  and  variety  to  impress  him  with  a  just 
'  tricily  as  a  general  physical  agent,  Newton  ' 
I  experiment  only  proceeding  from  him  is  recorae 
J  one  surface  of  a  plate  of  glass  is  electrified,  tlj 
(  through  the  glass,  and  will  be  manifested  by  its 
j  placed  on  the  other  side  of  it, 
j  In  the  beginning  of  the  eighteenth  century,  Hawkesbee  made  a  series  of 
J  experiments  on  electrical  light  produced  in  rarefied  air ;  but  as  no  consequences 
\  were  deduced  from  them  afTecling  the  progress  of  the  science,  we  shall  not 
\  further  notice  them.  In  the  construction  of  the  apparatus  for  producing  elec- 
\  iricity,  he  substituted  a  glass  sphere  for  the  globe  of  sulphur  proposed  by  Otto 
J  Guericke.  This  was  a  considerable  improvement;  and  yet  the  experimenlal- 
(  ists  who  followed  abandoned  it,  and  used  no  more  convenient  apparatus  than 
j  glass  tubes,  which  were  held  in  one  hand,  and  rubbed  with  the  other.  To 
\  this  circumstance  Dr.  Priestley  ascribes  in  a  great  degree,  the  slow  progress 
)  made  by  the  immediate  successors  of  Hawkesbee  in  electrical  discoveries, 
j  About  ihe  year  1730  commenced  that  splendid  series  of  discoveries  which 
\  has  proceeded  with  accelerated  speed  to  the  present  day,  and  now  forms  the 
\  body  of  electrical  science.  Mr.  Stephen  Grey,  a  pensioner  of  the  Charier 
j  House,  impelled  by  a  passionate  enthusiasm,  engaged  in  a  course  of  experi- 
C  mental  researches,  in  which  were  developed  some  genera!  principles,  which 
)  produced  important  effects  on  subsequent  investigations. 

\  The  most  considerable  discovery  of  Mr.  Grey  was,  that  all  material  substan- 
!  ces  might  be  reduced,  in  reference  to  electrical  phenomena,  to  two  classes, 
I  electrics  and  noji-eleclrics ;  the  former,  including  all  bodies  then  supposed  to  be 
!  capable  of  electric  excitation  by  friction ;  and  the  other,  those  which  were  in- 
5  capable  of  it.  He  also  discovered  that  non-electrics  were  capable  of  acquiring 
)  the  electric  state  by  contact  with  excited  electrics.  As  the  experiments 
\  which  led  to  these  conclusions  were  of  the  highest  interest,  we  shall  here 
J  state  them. 

Desiring  to  make  some  experiments  with  an  excited  glass  tube,  he  procured 

ine  about  three  feet  and  a  half  long,  and  an  inch  and  a  quarter  in  diameter.     To 

j  keep  the  interior  free  from  dust,  he  stopped  it  at  the  ends  with  corks.     When 

J  this  tube  was  excited,  be  happened  to  present  one  of  the  corks  to  a  feather, 

was  surprised  to  observe  that  the  feather  was  first  attracted,  and  then  re- 

S  pelled  by  the  cork,  in  the  way  it  was  wont  to  be  by  the  glass  tube  itself.     He 
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inferred  on  the  tube  by  friction 


icluded  from  this,  that  the  electric 
)  passed  spontaneously  to  the  cork. 

j       It  then  occurred  to  him  to  inquire  whether  this  transmission  of  electricity 

)  would  be  made  to  other  substances  besides  cork.     With  this  view  he  obtained 

a  deal  rod  about  four  inches  in  length,  to  one  end  of  which  he  attached  an  ivory 

ball,  and  inserted  the  other  in  the  cork,  by  which  the  glass  tube  was  stopped.  Ou 

exciting  the  tube,  he  found  that  the  ivory  ball  attracted  and  repelled  the  feather 

even  more  vigorously  than  the  cork.     He  then  tried  longer  rods  of  deal ;  next 

j  rods  of  brass  and  iron  wire,  with  like  results.     He  then  attached  to  one  end 

I  of  the  tube  a  piece  of  common  packthread,  and  suspended  from  the  lower  end 

)  of  this  thread  the  ivory  ball  and  various  other  bodies,  aO  of  which  he  found 

J  capable  of  acquiring  the  electric  state  when  the  tube  was  excited.     Experi- 

Tients  of  this  kind  were  made  from  the  balconies  of  his  house  and  other  ele- 

■ated  stations. 

With  a  true  philosophic  spirit,  he  now  determined  to  inquire  what  circum- 
stances attending  the  manner  of  experimenting  produced  any  real  effect  upon 
j  the  results ;  and,  first,  whether  the  position  or  direction  of  the  rods,  wires,  or 
cords,  by  which  the  electricity  was  transmitted  from  the  excited  tube,  affected 
J  the  phenomena.  For  this  purpose  he  extended  a  piece  of  packthread  in  a  ho- 
j  rizontal  direction,  supporting  it  at  different  points  by  other  pieces  of  similar  cord, 
)  which  were  attached  to  nails  driven  into  a  wooden  beam,  and  which  were  there- 
i  fore  in  a  vertical  position.  To  one  end  of  the  horizontal  cord  he  attached  the 
j  ivory  ball,  and  to  the  other  he  lied  the  end  of  the  glass  tube.  On  exciting  the 
'  '"^f  Y^  '^"""'^  *'^'  "•*  electricity  was  transmitted  to  the  ball,  a  circumstance 
'  which  he  rightly  ascribed  to  its  escape  by  the  vertical  cords,  the  nails  support- 
*'"-n  and  the  wooden  beam. 

after  this.  Grey  was  engaged  in  repeating  his  experiments  at  the  house 
i  of  Mr.  WheeJer,  who  was  afterward  associated  with  him  in  these  investiga- 
tions, when  that  gentleman  suggested  that  threads  of  silk  should  be  used  to 
j  support  the  horizontal  line  of  cord  instead  of  pieces  of  packthread.  It  does 
\  not  appear  that  this  suggestion  of  Wheeler  proceeded  from  any  knowledge  or 
suspicion  of  the  electric  properties  of  silk  ;  and  still  less  does  it  appear  that 
\  Grey  was  acquainted  with  them  ;  for,  in  assenting  to  the  proposition  of  Wheeler, 
J  he  observed,  that  "  silk  might  do  better  than  packthread  on  account  of  its  small- 
a  of  the  virtue  would  probably  pass  off  by  it  than  by  the  thickness 
1  of  the  hempen  line  which  had  been  previously  used." 

They  accordingly  extended  a  packthread  through  a  distance  of  about  eighty 
eet  in  a  horizontal  direction,  supporting  it  in  that  position  by  threads  of  silk. 
To  one  end  of  this  packthread  they  attached  the  ivory  ball,  and  to  the  other 
he  glass  tube  When  the  latter  was  excited,  the  bail  immediately  became 
1  w      manifested  by  its  attraction  upon  metallic  leaf  held  near  it. 

K  1  h  y  tended  their  experiments  to  lines  of  packthread  still  longer 
*h  h  Ik  h  ads  used  for  its  support  were  found  to  be  too  weak,  and  were 
•    ''  B      g    nder  the  erroneous  impression  that  the  escape  of  the  elec- 

n     y  w      p  ted  by  the  fineness  of  the  silk,  they  now  substituted  for  it 

hi    b  ir     which  they  expected,  being  still  smaller  than  the  silk,  would 

n  ff         Uj    ntercept  the  electricity ;  and  which,  from  its  nature,  would 

1  11  h  sary  strength.     The  experiment,  however,  completely  failed. 

'J      1  J  w      conveyed  to  the  ivory  baU,  the  whole  having  escaped  by 

h     b  ir       otwithstanding  its  fineness.     They  now  saw  that  the  silk 

p    d  the  electricity,  because  they  were  silh,  and  not  because 

cidentally  discovered  tho   insulating  property  of  silk,  they  j 
ligate  its  generalization,  and  found  that  the  same  property  j 
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enjoyed  by  resin,  hair,  glass,  and  some  other  substances.  In  fact,  it  soon 
became  apparent  that  this  property  belonged  in  a  greater  or  less  degree  to  all 
those  substances  which  were  then  known  to  be  capable  of  being  rendered 
electrical  by  friction,  and  which  were  denominated  electrics. 

Grey  now  extended  his  inquiry  to  fluids  and  animal  bodies.  Having  at  that 
time  no  other  test  of  the  electrical  state  of  a  body  than  its  attraction  for  light 
substances  placed  on  a  stand  under  it,  the  application  of  such  a  test  to  liquids 
presented  at  first  some  difKcuity.  This  was  soon  surmounted  by  the  expe- 
dient of  blowing  a  soap-bubble  from  the  bole  of  a  tobacco-pipe.  The  bubble 
was  held  suspended  over  some  leaf  metal,  and  on  bringing  the  excited  tube  to 
the  small  end  of  the  pipe,  the  bubble  immediately  became  electrical. 

It  was  in  the  prosecution  of  these  experiments  that  he  discovered  that,  when 
the  electrified  tube  was  brought  near  to  any  part  of  a  non-electric  body,  without 
touching  it,  the  part  most  remote  from  the  tube  became  electrified.  He  thus 
fell  upon  ihe  fact  which  afterward  led  to  the  principle  of  ibduction.  The 
science,  however,  was  not  yet  ripe  for  that  great  discovery,  and  Grey  accord- 
ingly continued  to  apply  the  principle  of  inductive  electricity,  without  the  most 
remote  suspicion  of  the  rich  mine  whose  treasures  lay  beneath  his  feet. 

In  another  series  of  experiments.  Grey  was  also  unfortunate  in  missing  a 
subsequent  discovery  on  which  he  just  touched.  He  found  that  certain  electric 
bodies  were  capable  of  becoming  permanently  extited  without  the  previous 
process  of  attrition.  He  took  nineteen  diiferent  substances,  among  which  were 
resin,  gum-lac,  shell-lac,  sulphur,  and  pitch,  and  the  remainder  of  which  were 
various  compounds  of  these.  The  sulphur  he  melted  in  a  glass  vessel,  the 
others  in  a  spherical  iron  ladle.  When  they  became  solid,  and  cooled,  and 
were  removed  from  the  moulds  in  which  they  were,  in  this  manner,  east,  he 
found  them  to  be  electrified,  and  that,  on  preserving  them  from  exposure  to  the 
air,  by  wrapping  them  in  paper  or  wool,  this  electrified  state  continued  for  an 
indefinite  time.  In  the  case  of  sulphur,  he  found  that  not  only  the  sulphur 
was  electrical,  but  also  the  glass  from  which  it  was  removed.  Had  he  carried 
these  inquiries  further,  and  looked  carefully  into  the  circumstances  of  the 


i  have  failed  in 
ind  would  probably 


}  traction  exhibited  by  the  sulphur  and  the  glass 
/  discovering  the  existence  of  the  two  opposite  eli 
J  have  also  found  the  reason  why  the  iron  ladle  did 
j  as  well  as  the  glass.     This,  however,  escaped  him 
J  covery  was  reserved  for  a  contemporary  philosopher. 

S  In  his  investigations  respecting  the  power  of  liquids  to  receive  electricity 
J  from  excited  glass.  Grey  exhibited,  in  a  manner  which  at  that  period  appeared 
j  striking,  the  attraction  of  the  glass  tube  for  liquids.  We  shall,  however,  pass 
\  over  these  and  some  other  experiments  of  less  importance,  since  they  did  not 
J  conduce  10  the  development  of  any  general  principle. 

5  Contemporary  with  Grey  was  the  celebrated  IJufaye,  who,  though  not  im- 
S  polled  by  the  same  enthusiasm,  nor  exhibiting  the  same  unwearied  activity  in 
J  multiplying  experiments,  was  endowed  with  mental  powers  of  a  much  liigher 
J  order,  and  consequently  was  not  slow  to  perceive  some  important  consequences 
}  flowing  from  the  experiments  of  Grey,  which  had  eluded  the  notice  of  that 
\  philosopher.  Dufaye,  in  the  first  place,  extended  the  class  of  substances  called 
J  electrics — showing  that  all  substances  whatever,  except  the  metals  and  bodies 
n  the  soft  or  liquid  state,  were  capable  of  being  electrified  by  friction  with  any 
J  sort  of  cloth,  and  that,  to  secure  the  result,  it  was  only  necessary  to  warm  the 
\  body  previously.  He  also  showed  that  the  property  of  receiving  electricity 
}  by  contact  with  an  excited  electric  was  much  more  general  than  was  supposed 
j  by  Grey,  and  that  most  substances  exhibited  that  property  in  a  greater  or  less 
J  degree,  when  supported  by  glass  well  warmed  and  dried.     Dufaye  also  showed 
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)  that  the  conducting  power  of  tho  packthread  used  in  the  experiments  of  Grey  J 
s  depended  on  the  moisture  contained  in  it,  and  that  the  conducting  power  was 
)  considerably  increased  by  wetting  it.     By  this  expedient  he  transmitted  elcc- 
i  trioity  along  a  cord  to  the  distance  of  about  thirteen  hundred  feel. 

It  had  been  previously  ascertained  that  when  any  substance  charged  with  J 
electricity  communicated  the  electric  principle  to  another  body  near  it,  but  not 
ntact  with  it,  the  electricity  passed  from  the  one  body  to  the  other  in  the 
J  form  of  a  spark,  accompanied  by  a  snapping  or  cracking  noise,  like  that  of  a 
?  slight  explosion.     It  had  also  been  discovered  by  Grey  and  Wheeler  that  the  ) 
\  bodies  of  men  and  animals  would  become  charged  with  electricity  if  placed  in 
?  the  usual  manner  in  contact  with  an  excited  glass  tube,  provided  they  were 
J  suspended  by  silk  cords,  so  as  to  prevent  the  escape  of  the  electricity.     Du- 
?  faye,  therefore,  reasoned  that  a  man  being  so  suspended  by  silk  cords,  the  5 
(  electricity  imparled  to  his  person  could  not  escape  ;  and  being  charged  by  the  ? 
(  excited  glass  tube,  sparks  of  fire  ought  to  issue  from  his  body,  if  any  body  ca- 
!  of  receiving  ihe  electricity  were  presented  to  it.     To  reduce  this  to  the 
1  immediate  test  of  experiment,  Dufaye  suspended  his  own  person  by  silk  lines  ; 

ind  being  electrified,  the  Abbe  NoHet,  who  assisted  him  in  these  experiments,  < 
t  presented  his  hand  to  his  body,  when  immediately  a  spark  of  fire  issued  from  > 
5  the  person  of  the  one  philosopher  and  entered  the  body  of  the  other.  Although  ( 
iuch  a  result  had  been  predicted  as  a  consequence  of  the  arrangement,  the  as-  } 
jsnishment  was  not  the  less  great  at  its  occurrence.  Nollet  states  that  he  can  ( 
lever  forget  the  surprise  of  both  Dufaye  and  himself  when  they  witnessed  the  J 
irst  explosion  from  the  body  of  the  former. 

The  celebrity  of  Dufaye  rests,  however,  not  on  his  experiments,  but  on 

sagacity  which  led  him  to  evolve  natural  laws  of  a  high  degree  of  generality  ? 

j  from  his  own  experiments,  and  from  those  of  the  philosophers  who  preceded  J 

j  him.     He  reproduced  in  a  more  definite  form  the  principles  of  attraction  and  J 

(  subsequent  repulsion,  which  had  previously  been  announced  by  Otto  Guericke.  J 

"I  discovered,"  says  Dufaye,  "a  very  simple  principle,  which  accounts  for  a 

J  great  part  of  the  irregularities,  and,  if  I  may  use  the  term,  the  caprices,  that  J 

I  seem  to  accompany  most  of  the  experiments  in  electricity."     This  principle 

*,  first,  that  excited  electrics  attract  all  bodies  in  their  natural  state  ;  second,  ' 
S  that  after  a  body  is  so  attracted,  and  has  touched  the  excited  electric,  then  such  \ 
I  body  is  repelled  by  the  excited  electric  ;  third,  that  if,  after  being  so  repelled,  ' 
)  such  body  touches  any  other,  it  will  be  again  attracted,  and  again  repelled  by  ( 
{  the  excited  electric,  and  so  on. 

It  a  discovery  of  a  much  higher  order  was  due  to  Dufaye.     "  Chance," 
J  says  he,  "  threw  in  my  way  another  principle  more  universal  and  remarkable 
S  than  the  preceding  one,  and  which  casts  a  new  light  upon  the  subject  of  elec- 
J  tricity.     The  principle  is,  that  there  are  two  distinct  kinds  of  electricity,  very  i 
I  difl'erent  from  one  another ;  one  of  which  I  shall  call  tiiiwou*,  and  the  other  ; 

oiis  electricity.     The  first  is  that  of  glass,  rock-crystal,  precious  stones, 
S  hair  of  animals,  wool,  and  many  other  bodies.     The  second  is  that  of  amber,  ( 
(  copal,  gum-lac,  silk-thread,  paper,  and  a  vast  number  of  other  substances.     ' 
I  characteristic  of  these  two  electricities  is,  that  thoy  repel  themselves  and 

each  other.     Thus  a  body  of  the  vitreous  electricity  repels  all  other  { 
^  bodies  possessed  of  the  vitreous,  and,  on  the  contrary,  attrdcts  A\  those  ol  the 
ous  electricity.     The  resinous  also  repels  the  resinous,  and  attracts  tho  J 
)us.     From  this^  principle  one  may  easily  deduce  the  explanation  o 
<  great  number  of  other  phenomena,  and  it  is  probable  that  this  truth  will  lead  J 
18  to  the  discovery  of  many  other  things." 
This  was  a  discovery  of  the  highest  order,  and  m  its  consequences  fulh  ', 
i  justified  the  anticipation  that  "  it  would  lead  to  the  discoiery  of  many  oihei 


y  Google 


ELECTRICITY. 


things."  It  is  the  basis  of  liie  only  theory  of  electricity  which  has  been  found  i 
sufficieDt  to  explain  all  the  phenomena  of  the  science,  and  with  tho  subsequent  ) 
hypothesis  of  Symmer,  and  the  laws  of  attraction  developed  by  the  researches  4 
of  Coulomb,  it  has  brought  the  most  subtle  and  inconiroUable  of  all  physical  ( 
agents  under  the  subjection  of  the  rigorous  canons  of  mathematical  calcuia-  J 

A  new  question  now  arose  respecting  any  body  which  has  been  r 

electrical,  whether  by  immediate  excitation,  or  by  contact  with  another  body  j 

already  excited.     It  was  not  enough  to  ascertain  that  it  was  electrified  ;  but  it 

(  was  necessary  to  know  with  which  of  the  two  kinds  of  electricity  it  was  in- 

J  vested.     The  test  of  this  proposed  by  Dufaye  was  the  same  which  has  evet 

I  since  his  time  been  adhered  to.     He  electrified  a  light  substance  freely  sus- 

J  pended  with  a  known  species  of  electricity ;  say,  for  example,  with  resinous 

(  electricity.     If  this  substance  was  repelled  on  bringing  it  near  another  electri-  i 

fied  body,  then  the  electricity  of  that  body  was  known  to  be  resinous  ;  but  if,  , 

on  the  contrary,  it  was  attracted,  then  the  electricity  of  the  other  body  v 

known  (o  be  vitreous. 

Dr.  Desaguliers,  whose  works  in  other  parts  of  physical  science  are  well  J 
known,  devoted  some  attention  to  electricity  from  the  close  of  the  labors  of   , 
Grey  till  the  year  1742,  but  the  researches  of  this  philosopher  contributed  j 
nothing  lo  the  extension  of  the  science.     He  metliodized  the  elements  which  j 
had  already  accumulated,  and  improved  in  some  important  instances  thi 
menclature.     He  denominated  all  substances  in  which  electricity  may  b 
cited  ekcirics  per  se,  and  defined  in  a  distinct  manner  their  characters. 
also  first  applied  the  term  conductor  to  bodies  which  freely  transmitted  electrici- 
ty, and  showed  that  animal  substances  owed  this  property  to  the  fluids  which  j 
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)  productions  of  this  epoch.  The  spark  drawn  from  the  conductor  by  the  fmger 
!  is  described  as  being  so  intense  as  to  burst  the  skin,  draw  blood,  and  produce 
[  a  wound.  Other  effects  on  the  animal  system  are  related,  in  which  ihere  is 
J  probably  some  exaggeration. 

(  The  year  1746  forms  a  remarkable  epoch  in  the  history  of  electricity,  being 
J  signalized  by  the  invention  of  the  Leyden  phial.  Tke  merit  of  this  discovery  j 
j  is  disputed,  being  claimed  for  Professor  Muschenbroek,  Cuneus,  a  native  of  , 
(  Leyden,  and  Kleist,  a  monk  of  that  place.  Probably  all  these  individuals  were  ■ 
engaged  in  the  proceedings  in  which  the  discovery  originated.  Dr.  Priestley,  i 
a  contemporary  writer,  gives  an  account  of  this  invention,  apparently  obtained  ( 
I  by  personal  inquiry,  of  which  the  following  is  the  substance  : — 
!  Professor  Muschenbroek  and  his  associates  having  observed  that  electrified  j 
(  bodies  exposed  to  the  atmosphere  speedily  lost  theit  electric  virtue,  which  w 
J  supposed  to  be  abstracted  by  the  air  itself,  and  by  vapor  and  effluvia  suspended  J 
't,  imagined  that  if  they  could  surround  them  with  any  insulating  substance,  , 
IS  lo  exclude  the  contact  of  the  atmosphere,  they  could  communicate  a  more  ' 
inse  electrical  power,  and  could  preserve  that  power  for  a  longer  time.  ! 

>  Water  appeared  one  of  the  most  convenient  recipients  for  the  electrical  influ-  ' 
ce,  and  glass  the  most  effectual  and  easy  insulating  envelop.     It  appeared,  i 

>  therefore,  very  obvious,  that  water  enclosed  in  a  glass  bottle  must  retain  the  | 
J  electricity  given  to  it,  and  that  by  such  means,  a  greater  charge  or  accumula-  i 

ion  of  electric  force  might  be  obtained  than  by  any  expedient  before  resorted  j 

In  the  first  experiments  made  in  conformity  with  these  views,  no  remarkable  f 

(  results  were  obtained.     But  it  happened  on  one  occasion  that  the  operator  held  j 
i  the  glass  bottle  in  his  right  hand,  while  the  water  contained  in  it  commu  ' 

J  cated  by  a  wire  with  the  prime  conductor  of  a  powerful  machine.     When  he  \ 
sidered  that  it  had  received  a  sufficient  charge,  he  applied  his  left  hand  t< 

wire  to  disengage  it  from  the  conductor.     He  was  instantly  struck  with  the  ( 

I  convulsive  shock  with  which  electricians  are  now  so  familiar,  and  which  has  j 

n  since,  and  is  at  present,  so  frequently  suffered  from  motives  of  curiosity  ( 


It  is  curious  to  observe  how  much  effects  on  the  organs  of  sense  depeniJ 
the  previous  knowledge  of  them,  which  may  or  may  not  occupy  the  minds  of 
those  who  sustain  them.     Those  who  now  think  so  lightly  of  the  shock,  pro- 
duced even  by  a  powerful   Leyden  phial,  would  be  surprised  at  the  letter  in 
which  Muschenbroek  gave  Reaumer  an  account  of  the  effect  produced  upon  him  j 
by  the  first  experiment.     He  states,  that  "  he  felt  himself  struck  in  his  ar 
shoulders,  and  breast,  so  that  he  lost  his  breath,  and  was  two  days  before  he 
covered  from  the  effects  of  the  blow  and  the  terror."     He  declared,  that  ' 
would  not  take  a  second  shock  for  the  whole  kingdom  of  France." 

Nor  was  Muschenbroek  singular  in  his  extraordinary  estimate  of  the  effects  J 
of  the  shock.  M.  Allaraand,  who  made  the  experiment  with  a  common  beer  ( 
glass,  stated  that  he  lost  the  use  of  his  breath  for  some  moments,  and  then  felt  f 
so  intense  a  pain  along  his  right  arm  that  he  feared  permanent  injury  from  it.  ' 
ProfessOT  Winkler,  of  Leipsic,  stated,  that  the  first  lime  he  underwent  the  ex-  I 
periment  he  suffered  great  convulsions  through  his  body ;  that  it  put  his  blood  j 
into  agitation  ;  that  he  feared  an  ardent  fever,  and  was  obliged  to  have  recourse  J 
to  cooling  medicines  !  That  he  also  felt  a  heaviness  in  his  head,  as  if  a  st 
were  laid  upon  it.  Twice  it  gave  hira  bleeding  at  the  nose,  to  which  he  ' 
not  subject.  The  lady  of  this  professor,  who  appears  to  have  been  as  little  j 
wanting  in  the  curiosity  which  is  ascribed  to  her  own,  as  in  the  courage  a 
I  sumed  for  the  other  sex,  look  the  shock  twice,  and  was  rendered  so  weak  by  i 
she  could  hardly  walk.     In  a  week,  nevertheless,  her  curiosity  again  got  ) 


■ ;  it  that  s 
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3  better  of  her  discretion,  and  "ihe  took  a.  third  shock,  which  imme 
(  produced  bleeding  it  the  uo'^e 

sooner  were  these  erpeninenta  made  known,  than  the  amazement  of  j 
j  ali  classes  of  people  of  e'very  age,  ^ex,  and  rank,  was  excited  at  what  was  rf 
garded  as  "a  prodigj  of  nature  and  philosophj."     Philosophers  everywher 
repelled  the  experiment   but  none  succeeded  in  explaining  its  efTects.      After  J 
{  the  first  emotions  of  astonishment  had  abated,  the  circumstances  wMch  infiu-  ' 
ced  the  force  of  the  shock  were  examined      Muschenbroek  observed  that  J 
5  if  the  glass  Here  wet  on  the  outer  surface  the  success  of  the  experiment  v 
i  impaired ,  and  Dt  Watson  proved  that  the  force  of  the  shock  was  increased  \ 
>  by  the  thinness  of  the  glass  of  which  the  bottle  containing  the  water  was  made. 
I  He  also  observed,  that  the  force  of  the  charge  did  not  depend  on  the  power  of 
?  the  electrical  machine  by  which  the  phial  was  charged.     Dr.  Watson  also  s 
J  showed  that  the  shock  could  be  transmitted,  undiminished,  through  the  bodies  ? 
\  of  several  men  touching  each  other.  i 

J  By  further  repeating  and  varying  the  experiment,  Watson  found  that  the  force  J 
?  of  the  charge  depended  on  the  extent  of  the  external  surface  of  the  glass  in  J 
mtact  with  the  hand  of  the  operator ;  and  it  occurred  to  Dr.  Bevis  that  the  ( 
ind  might  be  efficient  merely  as  a  conductor  of  electricity,  and  in  th 
J  the  object  might  be  more  effectually  and  conveniently  attained  by  coating  the  ) 
/  exterior  of  the  phial  with  sheet-lead  or  tin-foil.  TMs  expedient  was  completely  J 
S  successful ;  and  the  phial,  so  far  as  related  to  its  external  surface,  assumed  its 
j  present  form. 

Another  important  step  in  the  improvement  of  the  I^eyden  jar  was  also  due 
o  the  suggestion  of  Dr.  Bevis.     It  appeared  that  the  force  of  the  charge  in- 
J  creased  with  the  magnitude  of  the  jar,  but  not  in  proportion  to  the  quantity  of  ) 
)  water  it  contained.     It  was  conjectured  that  it  might  depend  on  the  extent  of  i 
J  the  surface  of  glass  in  contact  with  water ;  and  that  as  water  was  considered  / 
(  to  play  the  part  merely  of  a  conductor  in  the  experiment,  metal,  which  was  a 
J  better  conductor,  would  be  at  least  equally  effectual.     Three  phials  were  there- 
(  fore  procured  and  filled  to  the  usual  height  with  shot  instead  of  water.     A  rae- 
I  tallic  communication  was  made  between  the  shot  contained  in  them  respectively.  , 
'  The  result  was  a  charge  of  greatly  augmented  force.     This  was,  in  fact,  the 
j  first  electric  battery. 

Dr.  Bevis  now  saw  that  (he  seat  of  the  electric  influence  was  tbfe  surface  of  } 
contact  of  the  metal  and  the  glass,  and  rightly  inferred  that  the  form  of  a  bol- 
le  or  jar  was  not  in  any  way  connected  with  the  principle  of  the  experiment. 
3e  therefore  took  a  common  pane  of  glass,  and  having  coated  the  opposite 
j  faces  with  tin-foil,  extending  on  each  surface  within  about  an  inch  of  the  edge,  \ 
was  able  to  obtain  as  strong  a  charge  as  from  a  phial  having  the  same  ex-  ' 
It  of  coated  surface.     Dr.  Watson  being  informed  of  this,  coaled  large  jars  > 
)  made  of  thin  glass  both  on  the  inside  and  outside  surface  with  silver  leaf,  es-  ( 
5  tending  nearly  to  the  top  of  the  jars,  the  effects  of  which  fully  corroborated  J 
■  the  anticipations  of  Dr.  Bevis,  and  established  the  principle  that  the  force  of  ( 
J  the  charge  was  in  proportion  to  the  quantity  of  coated  surface. 
S       The  results  of  all  these  experiments  led  to  the  inference  that,  in  the  dis- 
i  charge  of  the  phial,  the  electricity  passed  through  the  circle  of  conducting 
>  matter  which  was  extended  between  the  inside  and  the  outside  coating  of  the  j 
If  that  circle  were  anywhere  interrupted  by  the  presence  of  non-conduct- 
matter,  or  electrics  per  sc,  as  they  were  then  called,  no  discharge  took  place. 
],   if    any   portion   of    the    circle    were  formed  of  living  animals,  each  } 
I  animal    sustained  the  shock.     To  carry  the  demonstration  of  this  further,  i 

-.  Watson  placed,  at  several  points  in  the  circuit,  spoons  filled  with  spirits 
(  between  the  extremities  of  iron  bars,  but  not  in  contact  with  them.     In  such  { 
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e  spirits  in  all  the  spoons  were  infiamed  apparent])'  at  llie  instant  of  the  J 
}  discharge. 

Many  of  these  properties  were  simiihaneously  discovered  by  Mr.  Wilsiir 

vho  experimented  in  Dublin.     He  coated  the  external  surface  of  the  jar  in  ih 

irat  experiments  by  plunging  it  in  water.     He  also  made  several  experiments  ) 

J  with  a  view  to  affect  by  a  shock  one  pari  of  the  human  body  without  affecting 

j  the  other  parts.     But  the  most  remarkable  discovery  of  this  electrician  was 

j  the  lateral  shock      He  observed  that  a  person  standing  near  the  circuit  through  J 

■which  the  shock  is  transmitted  would  su^tam  a  shock  if  he  w  ere  only  ii 
t  tact  with  any  part  of  the  circuit   or  eve  i  plated  very  near  it 

Those  who  are  conversant  with  the  smence    and  aware  of  (he  importint  > 
(  pnncipie  of  induction  will  see  with  much  interest  how  nearly  marj  of  the  J 
)  philosophers  engaged  m  these  researches  touched  Irom  time  to  time  on  that 
i  property    and  yet  missed  the  honor  of  its  discovery      Without  it  the  explica 
S  tion  of  the  phenomenon  of  the  charge  and  d  scharge  of  the  I  ejden  pliul  was 
J.  impossible      The  lateral  shock  just  adverted  to  and  observed  by  Wilson  was 
5  almost  a  glaring  instance  of  it     but  a  still  more  striking  manifestation  of  the 
J  theory  of  the  Leyden  phial  was  afforded  by  an  experiment  of  Mr  Canton  who  j 
)  showed  that  if  a  charged  phial  be  insulaled  the  internal  and  external  coatings  / 
j  would  gne  alternate  sparks  and  then  bv  continuing  the  process  the  phial 
night  be  gradually  discharged      Canton  just  touched  on  the  discovery  of  dis 
<  simulated  electricity 

)       ^\hile  these  investigations  were  proceeding  in  England  the  philosophers  of 
,  France  were  not  wanting  in  that  zeal  and  activity  w  hich  they  haie  alwajs 

n  tested  for  the  advancement  ol  ph\sii,al  science      The  Abbe  Nollet  M  de  \ 
I  Monnier,  and  others  prosecuted  similar  experimental  researches,  and  a 
1  at  the  knowledge  of  severil  of  the  important  circumstances  developed  in 
{  land      Nollet  showed  that  a  phial  containing  r 
5  charged  as  readily  as  one  which  contained  wai 
J  m  the  Lejden  eiperiment  served  no  purpose  ext 
;  to  the  glass 

Fromthistimeto  the  period  at  «hich  Dr  Franklin  commenced  his  researches 
no  important  progress  waa  made  ra  the  science,  although  at  no  former  period  ) 
were  eipenments  on  so  grand  a  scale  projected  and  executed  ,  nor  was  public  J 
attention  ev«r  botore  so  powerfully  attracted  to  any  scientihc  subject      Nunii- 
rous  and  extensne  experiments  were  made,  both  in   England  ind  France,  to 
)  determine  the  distance  through  which  the  electric  shock  could  be  transmitted,  , 
5  nature  ot  the  substances  through  which  it  could  be  propagated,  and  the  J 
te  at  which  it  moved      At  Paris,  M  Nollet  transmitted  it  through  a  chain  of  \ 
iO  soldiers     and  at  the  convent  of  the  Carthusians  he  formed  a  chain  ii 
ing  5  100  feet  by  raeins  of  iron  wires  extending  between  ev  ery  two  persons,  , 
j  and  the  whole  companj  gaie  a  sudlen  spring  and  sustained  the  shock  at  th 
e  instant 

ul  it  was  in  England  that  the  experiments  on  this  subje  t  were  made  o 
most  magnilicent  scale  Mr  Martin  Folkes  then  president  of  the  Royal  ) 
(  Society  Lord  Charles  Caiendish  Dr  Be*  is  and  seieral  other  fellows  of  the  J 
/  Society  formed  a  committee  to  witness  these  experiments  the  chief  direction  ) 
j  and  management  of  them  being  undertaken  by  Dr.  Watson.  A  circuit  was  J 
)  first  formed  by  a  wire  carried  from  one  side  of  the  Thames  to  the  other  over  \ 
S  Westminster  bridge.  One  extremity  of  this  wire  communicated  with  the 
5  terior  of  a  charged  jar ;  the  other  was  held  by  a  person  on  the  opposite  bi 
J  of  the  river.  This  person  held  in  his  other  hand  an  iron  rod,  which  he  dipped  j 
he  river.  On  the  other  side,  near  tile  jar,  stood  another  person,  holdln 
e  hand  a  wire  communicating  with  the  exterior  coating  of  the  jar,  ; 


ed  air  admitted  of  being  j 
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J  between  the 


other  hand  an  iron  rod.     This  rod  he  dipped  iiho  the  river,  wlien  instantly 

(  the  slioclt  was  received  by  both  persons,  the  electric  fluid  having  passed  over 

S  the  bridge,  through  tlie  body  of  the  person  on  the  other  side,  through  the  wa- 

(  ler  across  tlie  river,  throi^gh  the  rod  held  by  the  other  person,  and  through  his 

>  body  to  the  estenor  coating  of  the  jar.     Familiar  as  such  a  fact  may  now  ap- 

J  pear,  it  is  impossible  to  convey  an  adequate  idea  of  the  amazement,  bordering 

)n  incredulity,  with  which  it  was  at  that  time  witnessed. 

_  The  next  experiment  was  made  at  Stoke  Newington,  near  London,  where  a 

lircuit  of  abotit  two  miles  in  length  was  formed,  consisting,  as  i*  the  former 

iase,  partly  of  water  and  partly  of  wire.     In  one  case  there  were  about  2,800 

eet  of  wire,  and  8,000  feel  of  water.     The  result  was  the  same  as  in  the  case 

<  of  the  experiment  at  Westminster  bridge.     In  this  case,  on  repealing  the  ex- 

)  periment,  the  rods,  instead  of  being  dipped  in  the  water,  were  merely  fixed  in 

J  the  soil  at  about  twenty  feet  from  the  water's  edge,  when  it  was  found  that  iho 

I  shock  was  equally  transmitted.     This  created  a  doubt  wheilier,  in  the  former 

ie,  the  shock  might  not  have  been  conveyed  through  the  ground  between  the 

0  rods,  instead  of  passing  through  the  water,  and  subsequent  experiments 

(  proved  that  such  was  the  case. 

The  same  experiments  were  repeated  at  Highbury,  and  finally  at  Shooter's 
5  Hill,  m  August,  1747.  At  the  latter  place  the  wire  from  the  inside  of  the  jar 
IS  6,732  feet,  and  that  which  touched  the  outside  coating  was  3,808  feet  long, 
i  The  observers  placed  at  the  extremity  of  these  wires,  were  two  miles  distant 
I  from  each  other.  The  circuit,  therefore,  consisted  of  two  miles  of  wire,  and 
miles  of  soil  or  ground,  the  latter  being  the  space  between  the  two  observr 
The  result  of  the  experiment  proved  that  no  observable  interval  elapsed 
s  at  which  each  observer  sustained  the  shock.  In  this 
I  expenment  the  wires  were  insulated  by  being  supported  on  rods  of  baked 
J  wood. 

We  shall  here  pass  over  a  variety  of  experiments  made  in  England,  France, 

j  and  Germany,  on  the  effects  of  electricity  on  organized  bodies,  and  on  some 

iroposed  medical  applications  of  that  agent ;  such  researches  not  having  led 

0  any  general  principles  affecting  the  real  advancement  of  the  science. 
Passintr  from  the  analysis  of  the  confused  experimental  labors  of  his  imme- 

1  P     •  labors  which  contributed  so  little  to  the  deveiopraent  of  the 
»              d  1          1     lectrical  phenomena,  to  the  researches  of  Franklin,  is  like 

m  he  mists  and  obscurity  of  morning  twilight  to  the  unclouded 
tide  sun.     It  was  in  the  summer  of  the  year  1747,  that  a 
I       ce,  happily  for  the  progress  of  knowledge,  first  drew  the 
ij  great  and  good  man,  and  (as  he  afterward  proved)  acuie 
h      ufaject  of  electricity.     Mr.  Peter  CoUinson,  a  fellow  of  the 
I  L  ndon,  and  a  gentleman  who  took  much  interest  in  scien- 
ommunication  to  the  Literary  Society  of  Philadelphia,  ex- 
Id  b  en  recently  done  in  England  in  electrical  experimcms,  and 
h        It  a  present  of  one  of  the  glass  tubes  then  commonly  used 
!  ty  with  directions  for  its  use.     Previous  to  this  time,  Frank- 

pp  have  ever  given  his  attention  to  physical  science.     Never- 

n  nenced  repeating  the  European  experiments  with  all  the 
h       St,  and  extending,  varying,  and  adapting  thera  to  the  ^e- 
f  g  eneral  laws,  with  all  the  skill  and  sagacity  of  a  practised 

-  1  pii  1      pher.     Within  the  brief  period  of  four  months  after  the 

J  arrival  of  the  tube,  ho  commenced  a  series  of  letters  to  Mr.  CoUinson,  in  which 
e  related  a  body  of  discoveries,  which  for  the  high  generality  of  the  laws 
i  they  unfolded,  the  surpassing  beauty  and  clearness  of  the  experimental  demon- 
(  sirations  on  which  they  were  based,  and  their  intimate  connexion  with  the 
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s  of  ife,  are  well  worthy  to  be  put  in  juxtaposition  with  the  discoveries  of 
)  Newton  respecting  the  analysis  and  properties  of  light.     How  different,  how- 

I,  was  the  position  of  these  two  great  discoverers  and  benefactors  of  the 
\  liuman  race !     One  brought  to  bear  on  the  subject  of  his  inquiry  a  mind  early 

;ipHned  in  scientific  investigation,  a  memory  stored  with  profound  mathe- 

ical  erudition,  faculties  rendered  more  acute  and  strong  by  ihe  severe  studies 
J  exacted  from  all  aspirants  to  academical  honor  and  office  in  the  universities  of 
)  the  old  countries,  zeal  awakened,  emulation  stimulated,  and  enthusiasm  kindled 
(  by  associate's,  among  whom  were  included  all  that  was  most  distinguished  in 
S  the  physical  sciences  ;  the  other,  first  a  tallow-chandler's  apprentice,  and  next 
j  a  poor  printer's  boy,  unschooled,  undisciplined,  self-informed,  having  nothing  to 
(  aid  him  but  the  inborn  energy  of  his  mind,  separated  by  an  ocean  three  ihou- 


>  sand  miles  wide  from  the  c 
tnd  where  alone  those  aids  a' 

J  others  engaged  in  like  inquiri 
whose  researches  we  must  n( 

J  he  embodied  the  details  of  h 


which  alone  were  the  seats  of  the 
id  encouragements  derivable  from  the  society  of  J 
33  could  be  obtained.  Such  was  the  individual  j 
w  briefly  notice.  'The  series  of  letters  in  which  j 
experiments,  and  developed  the  laws  which  ri 
suited  from  them,  were  continued  from  1747  to  1754,  and  were  subsequently  J 
collected  and  published. 

"  Nothing,"  says  Priestley,  "  was  ever  written  upon  the  subject  of  electricity  ) 
which  was  more  generally  read  and  admired  in  all  pans  of  Europe  than  these  \ 
letters.  There  is  hardly  any  European  language  into  which  they  have  i 
b^en  translated  ;  and,  as  if  this  were  not  sufficient  to  make  them  properly  j 
known,  a  translation  of  them  has  lately  been  made  into  Latin, 
to  say  whether  we  are  most  pleased  with  the  simplicity  and  perspicuity  with  ( 
which  these  letters  are  written,  the  modesty  with  which  the  author  p 
every  hypothesis  of  his  own,  or  the  noble  frankness  with  which  he  rel. 
mistakes  when  they  were  corrected  by  subsequent  experiments  "* 

In  the  analysis  of  Franklin's  discoveries,  it  is  necessary  to  distmgui- 
fully  fact  from  hypothesis,  and  to  separate  the  great  natural  laws  which  he  j 
brought  to  light,  the  truth  and  reality  of  which  can  never  be  shaken,  based,  as  j 
they  are,  on  innumerable  observed  phenomena,  from  the  theory  by  which  these  i 
phenomena  and  their  laws  are  attempted  to  be  explained  by  him ,  which  latter,  ( 
though  marked  by  great  sagacity  and  ingenuity,  and  adequate  to  the  exphca-  j 
tion  of  most  of  the  ordinary  effects  of  electricity,  has  been  found  insufhcient  to  { 
represent  the  results  of  subsequent  researches,  and  has  been  generally  super 
seded  by  another  theory,  which  will  be  noticed  hereafler. 

The  first  step  made  by  this  philosopher  in  the  brilliant  series  of  discoveries 
by  which  he  rendered  his  name  so  memorable,  was  one  which  produced  a 
material  influence  on  his  subsequent  proceedings,  since  it  formed  the  founda 
tion  of  his  celebrated  hj-pothesis  of  positive  and  negative  electncit>,  which  ( 
served  him  as  the  link  by  which  many  scattered  facts  might  be  groujied  jnd  i 
connected,  and   as  a  clue  to   the   development  of  new  and   unobserved  phe- 
nomena.    To  reduce  to  the  moht  brief  simple,  a«d  general  terms,  the  expres- 
sion of  the  first  fruit  of  his  observations  it  may  be  said  to  consist  in  the  es- 
tablishment of  the  general  principle  tha  when  electricity  is  excited  by  the  ^ 
mutual  friction  or  attrition  of  any  two  bodies,  both  these  bodies  become  clet 
trifled ;  and  if  both  are  insulated  they  will  continue  to  be  so  electrified.     They  J 
will,  however,  be  in  different  electrical  states,  since,  if  moveable,  they  m 
attract  and  not  repel  each  other ;  but,  nevertheless,  each  of  them  will  exhibit  J 
in  relation  to  other  bodies  not  eleclrifled,  tie  same  properties.     Thus  sparks  J 
may  be  drawn  indifferently  from  either  ;  and  each  of  them  may  be  de-decirised,  , 

•Hislorj  of  Eleelrioitr,  per.  ix.,  sect.  i. 
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It  discharged  of  iheir  eiectricily,  by  being  put  in  metallic  communication  with  <, 
)  tlie  ground.  These  general  facts  ho  proved  by  direct  experiment, 
I  He  placed  two  persons,  A.  and  B.,  on  insulating  supports.  In  tlie  hand  of 
'  A.  he  put  a  glass  tube,  which  being  rubbed  by  A.  became  electrified.  This  S 
s  tlien  touched  at  every  part  of  the  rubbed  surface  by  B. ;  after  which  j 
e  process  was  several  times  repeated,  the  tube  being  deprived  of  its  ) 
(  electricity  as  often  as  it  was  touched  by  B.      A  third  person,  C,  not  insulated,  J 

V  presented  his  finger  or  a  metallic  sphere  to  B.,  from  whom  a  spark  was 
i  drawn  ;  and  by  repeating  this,  or  by  touching  the  person  of  B.,  the  latter  was 
I  deprived  of  the  electricity  he  had  received  from  the  tube.  This  was  no  more 
5  than  was  expected.     But  ou  subjecting  A.  to  the  same  process,  the  very  same 

effects  were  produced.     It  appeared,  therefore,  that  both  A.  and  B.  were  elec-  I 
)  trifled. 

again  electrified,  as  before,  by  the  friction  of  the  tube,  instead  of  A.  ) 
i  and  B.  being  successively  touched  by  C,  ihey  were  made  to  touch  each  other,  S 
j  both  remaining  insulated.  After  this  both  were  found  to  be  as  completely  J 
!  de-eteclrised  and  restored  10  their  tirdinary  state  as  when  they  had  been  touched  < 

by  C. 
I      A  cork  ball,  suspended  by  a  silk  thread,  being  electrified  by  contact  with  the  } 
i  excited  gkss  tube,  was  repelled  when  brought  near  the  person  of  B.,  but  it  was 
J  attracted  when  brought  near  the  person  of  A. 

From  these  experiments  it  appeared  the  electrical  states  of  A.  and  B.  were 
iifferent.  Franklin  called  the  stale  of  B,,  and  consequently  that  of  the  glass 
j  tube  from  which  he  drew  she  electricity,  positive  and  that  of  A.  wgaiive.  The 
s  said  to  be  positively,  the  other  negatively  electrified.  The  cloth  with 
\  which  A.  rubbed  the  glass  tube  was,like  A.,  negatively  electrified — it  attracted  \ 
)  the  cork  ball;  and  the  glass  tube,  like  B,,  was  positively  electrified — it  ri 
(  polled  the  cork  ball. 

The  generality  of  this  result  was  established  by  a  great  variety  of  experi- 
nents.     In  all  cases  it  appeared  that  the  opposite  electrical  charges  of  the  two 
j  bodies  submitted  to  friction,  or  of  any  insulated  bodies  in  communication  with  J 
j  them,  had  the  same  reciprocally  neutralizing  power ;  in  virtue  of  which,  when  \ 
J  brought   into   contact,  or  when  a  metallic  communication  was  established  be- 
5  tween  them,  all  signs  of  electricity  would  disappear. 

Such  is  a  strict  statement  of  the  facts  as  evolved  in  the  experiments. 
(  hypothesis  proposed  by  Franklin  for  their  explication  was  as  follows : 
'  odies  in  their  natural  state  are  charged  with  a  certain  quantity  of  electricity,  i 
1  each  body  this  quantity  being  of  definite  amount.     This  quantity  of  eiec-  j 
)  tricity  is  maintained  in  equilibrium  upon  the  body  by  an  attraction  which  the  ) 
j  particles  of  the  body  have  for  it,  and  does  not  therefore  e 
)  for  other  bodies.     But  a  body  may  be  invested  with  more  or  les^  electricity  J 
5  than  satisfies  its  attraction.     If  itpossess  more,  it  is  ready  to  give  i^p  the  surplus 
iny  body  which  has  less,  or  ti>  share  it  with  any  body  in  its  natural  state ; 
J  if  it  have  less,  it  is  ready  to  take  from  any  body  in  its  natural  stale  a  part  of  itf 
\  electricity,  so  that  each  will  have  less  than  their  natural  amount.     A  body  > 
j  having  more  than  its  natural  quantity  is  electrified  positively  or  plus,  and  o 
{  which  has  less  is  electrified  negatively  or  minus. 

iiiited  !o  mutual  attrition  and  become  electrified,  \ 

i  proper  electricity,  which  is  received  by  the  ! 

'e  than  its  natural  amount,  and  is  positively  elec-  ( 

ind  is  negatively  electrified. 

s  tube,  he  loses  a  portion  j 
while  the  tube  r 


When  two  bodies  a 
f  one  parts  with  a  portion  of  i 
I  other.     The  latter  then  has  n 
\  trified ;  the  former  has  less 

In  ihe  instance  above  stated,  when  A,  rubs  the  g 
J  of  his  natural  electricity,  and  is  negatively  elec 


(  what  he  loses,  and  becomes  positively  electrified.     When  B.  touches  (he  tube,  j 
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b    lie  «ere  not  ins>«lated,  he  would  not  be  electrified,  i 
dy  would  lose  its  proper  amount  of  electricitj,  ike  J 
1      p  from  the  earth,  with  which  he  is  in  free  electn- 
b  m  the  former  case  being  insulated,  this  supph 
H  iice,  in  this  theory,  the  earth  is  regarded  as  the 
icU) ,  from  which  bodies  negatively  electnfied  re- 
d    o  which  bodies  posilivelj  electrified  gne  up  their  ) 
li  n  which  thi  one  or  the  other  are  insulated  { 

1    w       he  Frankhnian  theory,  which,  however,  will  be  \ 
1  p  1  h        f  er 

hypo  h  cal  pnnciples  Franklin  ne\t  proceeded  to  anal)  ze 
f  h  L  J  den  jar  His  hrst  experiments  were  directed  to  cs- 
h       h       he  jar  is  charged  the  inside  is.  electnlied  positi\  el} , 

g         ly      A  charged  jir  w  as  placed  on  an  insuUtmg  sup    ^ 
11     w      b  nt  into  iho  form  ot  a  circukr  arc  was  then  placed  j 
h  the  outer  coating      The  other  end  was  capable  J 
ct  with  the  hook  of  the  wire  inserted  through  the  ) 
tallic  communication  with  the  water  containi-d 
being  supported  by  %  handle  oi  setling  wa\  w 
ncily  could  pass  in  the  experiment,  otherwise  than  j 
id  the  coaiiiig  on  the  outside      On  bringing  the 
y    I    n     D     t  wire  into  contact  with  the  hook,  the  jar  was  m- 
g  d  b    h    h     inside  and  the  outside  being  restored  to  their 
F      kl  ferred  from  this,  that  before  the  discharge  the  in-  ) 

p  ly  electnhed,  and  the  eMerior  coating  negatnely  i 

q    Id  gree  ,  that  is  to  say,  that  the  inteiior  of  the  j  ir  ( 
f    1  ily  oier  and  above  its  natural  amount,  and  the 

f  1!    h         f    s  natural  amount  by  a  qiiantitj  equal  to  that  eiCi 
L         p  la  were  made  to  verify  this  doctrine.     Two  metallic  \ 

>l      d  ach  other,  one  communicating  with  the  externa 

h       h     w  h  the  water  within  the  jar.     A  small  cork  ball  sus 
!k   h      d       s  placed  between  those  two  knobs.     The  ball  wa> 
d      d      pelled,  "playing  incessantly  from  one  to  the  other 
1     g      electrised ;  that  is,  it  fetched  and  carried  fire  from  J 
1     b     ora  (outside)  of  the  bottle,  till  equilibrium  was 

i  by  electricians  in  Europe,  that  a  jar  could  no 
I  ng  were  insulated ;  thai,  in  fact,  it  was  a  necessary  ) 

1  tion  between  that  coating  and  the  ground  should  be 

d  by  some  conducting  matter,  such  as  a  metallic  wire, 
h  electricity  can  be  conveyed  to  the  inside  without  \ 

i       equal  quantity  from  the  outside  ;  but  if  the  jar  I 
f        ape  being  left  for  the  electricity  on  the  outside,  i 
k    pi    e  on  the  inside, f 

w    find  also  a  description  of  the  method  of  charging  ( 
w      11  d  the  charge  by  cascade.     "  Suspend  two  or  i 

d  ctor,  one  hanging  on  the  tail  of  another,  and  a  wire  { 
fl  'i.n  equal  number  of  turns  of  the  wheel  will  charge 

d  one  as  much  as  one  alone  would  have  been  ;  what 
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The  jar 


n  insulating  sup- 
vith  the  prime 


is  drawn  out  of  the,  tait  of  the  first  serving  to  charge  (the  inside  of)  the  second  ; 
what  is  driven  out  of  the  second  charging  the  third,  and  so  on."* 

In  this  way  he  constructed  an  electrical  battery.  After  charging  a  series 
fj  \  p  dh  p'gh'd'i  metallic  communication  with 
■■    '         ts  d  hk    m  metallic  communication.     By  J 

d  di    h  uffi        !y  powerful  to  kill  the  smaller  J 

h    h     pp        d       b     most  conclusive  in  the  support  I 
i    h  f       f   1     electricity  from  the  exterior  to 

h    p  f    h         g  it,  was  the  following :  A  jar 

h    k         h    p  d  ctor  of  the  machine,  so  that  a 

w      ra  d  b    w    n  the  conductor  and  the  inside 

M         h  I      h       bb  1      d.     On  working  the  machine,  1 

vas         d  h    g       A  m  tallic  wire  was  now  rolled  round  \ 

r  coating  of  the  jar,  and  carried  thence  to  the  rubber,  so  as  to  make  a 
m,  both  being  still,  in  other  respects,  insulated.  I 
I  now  charged  with  ease,  which  was  explained  by  the  supposition  [ 
J  that  die  electric  fluid  passed  from  the  outside  coating  by  the  wire  to  the  rubber,  i 
)  and  thence  by  the  glass  globe  and  prime  conductor  to  the  inside  of  the  jar.f 

>  the  hypothesis  above  stated,  there  is  no  essential  distiuctior 
(  so  far  as  relates  to  the  charge,  between  the  external  coating  and  the  internal  1 
s  of  the  jar ;  the  one  ought  to  be  as  easily  charged  as  the  other.     This  \ 
s  accordingly  found  to  be  the  case.     A  jar  was  placed  on 
5  port,  and  while  the  external  coating  was  put  in  comraunicat 
(  conductor  of  the  machine,  the  wire  extending  from  the  interi 
■■  rubber.     The  electricity  of  the  outer 
(  positive,  and  that  of  the  inside  negative  ;  and  the  jar 
J  duced  the  same  eiFecis  aa  before. 

t  important  investigation  was  as  to  the  place  in  which  the  electricity  J 
J  of  the  jar  was  contained.     To  determine  this,  Franklin  charged  a  jar 
j  sulated  it.     He  then  removed  the  cork,  and  the  wire  by  which  the  electricity  > 
as  conveyed  from  the  machine  to  the  inside  of  the  jar.     On  examining  these, 
i  found  them  free  from  electricity.     He  next  carefully  decanted  the  water 
}  from  the  charged  jar  into  another  insulated  vessel.     On  examining  this  it  was 
(  found  to  be  free  from  electricity.     Other  water  in  its  natural  state  was  now 
J  introduced  into  the  charged  jar  to  replace  that  which  had  been  decanted ;   and 
n  placing  one  hand  on  the  outside  coating,  and  the  other  in  the  water,  he  re- 
j  ceived  the  shock  as  forcibly  as  if  no  change  had  been  made  in  the  jar  since  it 
vaa  first  charged. J 
A  piece  of  glass  was  then  placed  between  two  plates  of  lead  extending  nearly  j 
j  to  its  edge  on  every  side.     One  of  these  plates  of  lead  being  touched  by  the 
J  hand,  the  other  was  charged  with  electricity  as  usual.     The  plates  were  then  j 
(  removed  from  the  glass,  and,  being  examined,  were  found  to  be  in  their  n 

On  presenting  the  finger  to  the  glass  where  the  lead  had  covered  it,  { 
t  little  sparks  were  received ;  and  on  displacing  the  lead  and  touching  it  at  both  J 
J  surfaces,  a  violent  shock  was  received. 

From  this  he  inferred  that  the  glass  was  the  substance  in  which  the  elcctri- 
iity  was  deposited ;  and  the  metallic  coating,  or  the  water,  or  other 
{  applied  to  it,  "  served  only,  like  the  armature  of  the  loadstone,  to 
;  forces  of  the  several  parts,  and  bring  them  at  once  to  any  point 
<  ing  the  property  of  a  non-electric  [conductor],  that  the  whole  body 
;eives,  or  gives,  what  electricalfireiagiven  to,ortakenfromany  oneo 
From  a  very  early  period  of  the  progress  of  electrical  ob; 

•  Lellers,  p.  199.  t  Lellore,  p.  253.  t  Letters,  p.  201. 
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J  ogy  between  electricity  and  Jightning  had  been  noticed,  and  conjectures  as  to 
I  their  identity  were  expressed ;  and  in  some  cases  distinct  predictions  hazarded, 
i  that  the  time  would  arrive  which  would  fully  establish  their  identity.     Dr. 
j  Wall,  in  a  paper  published  in  tho  "  Philosophical  Transactions,"  speaking  of  J 
J  the  electricity  of  amber,  said  tbat  he  had  no  doubt,  "  that  by  using  a  longer  and  j 
)  larger  piece  of  amber,  both  the  cracklings  and  the  light  would  be  much  greater.  ? 
)  This  light  and  crackling  seems  in  some  degree  to  represent  thunder  and 
i  lightning."* 

Mi.  Grey,  whose  experiments  have  been  already  referred  to,  says,  speaking 
if  electrical  effects  :  "  These  are  at  present  but  in  minimis.     It  is  probable 
J  that,  in  time,  there  may  be  found  out  a  way  lo  collect  a  greater  quantity  of  elec- 
c  fire,  and  consequently  to  increase  the  force  of  that  power,  which,  by  sev- 
}  eral  of  these  experiments,  si  Ucet  magvis  componere parva,  seems  to  be  of  tlie 
■ame  naluTe  with  that  of  thunder  and  lightning." 
But  of  all  the  anticipations  which  are  pretended  to  of  the  grand  discovery  { 
)  of  the  philosopher  of  Philadelphia,  that  which  is  by  far  the  most  remarkable 
proceeded  from  his  contemporary  and  competitor,  the  Abbe  Noliet.     Immedi- 
ately after  the  first  exhibition  of  the  experiments  proving  the  identity  of  elcc- 
j  tricity  and  lightning,  the  abbe  urged  his  claim  to  a  share  of  the  merit  of  having  \ 
J  suggested  them.     In  a  paper,  dated  Parts,  June  6,  1752,  the  abb^,  after  noti- 
j  cing  the  experiments,  observes  that  he  "  is  more  interested  than  any  one  to 
LO  at  the  facts,  which  prove  a  true  analogy  between  lightning  and  electricity, 
:e  these  experiments  estabhshincontestably  a  truth  which  he  had  conceived, 
{  and  which  he  ventured  to  lay  before  the  public  more  than  four  years  ago." 

In  the  fourth  volume  of  his  Lemons  de  Physique  is  found  the  following  pas- 
t  sage ;  "  If  any  one  should  undertake  to  prove  as  a  clear  consequence  of  the  \ 
J  phenomenon,  that  thunder  is,  in  the  hands  of  natu  e  what  elec  nc  y  s      o 
— that  those  wonders  which  we  dispose  at  our  pleasure  are  only        a  o  s  < 
a  small  scale  of  those  grand  effects  which  terr  fy  us  and  ha  bo  h  depend  c 
the  same  mechanical  agents— if  it  were  made  nan  fa     ha  a    loud  p  ep    i 
S  by  the  effects  of  the  wind,  by  heat,  by  a  mixtu  e  of  exhala  ons  &;c     s 
j  lation   to  a  terrestrial  object,  what  an  elect  fi  d  bol      s  cl     on    o 

S  body  near  it  not  electrified,  [  confess  that  th  s  de  ,  well  suppir  ed,  would  J 
J  please  me  much ,  and  to  support  it,  how  numerous  and  specious  art 
j  sons  which  present  themselves  to  a  mind  conversant  with  electricity.  The  J 
(  universality  of  the  electric  matter,  the  readiness  of  its  action,  its  instrumen- 
S  tahij ,  and  Us  activity  in  giving  fire  to  other  bodies ;  its  property  of  striking 
;  bodies  externally  and  internally,  even  to  their  smallest  parts  (the  remarkable 
j  example  we  have  of  this  effect  even  in  the  Leyden  jar  experiment,  the  idea 
which  we  might  truly  adopt  in  supposing  a  greater  degree  of  electric  power)  ; 
S  all  these  points  of  analogy  which  I  have  been  for  some  time  meditating,  begin 

<  to  make  me  beheve  that  one  might,  by  taking  electricity  for  tho  model,  form  to 
J  oneself,  in  regard  to  thunder  and  lightning,  more  perfect  and  more  probable 

<  ideas  than  any  hitherto  proposed."! 

)       The  volume  containing  this  passage  was  printed  and  published  toward  the  S 

i  close  of  the  year  1748,  as  appears  by  the  register  of  the  Academy  of  Sciences,  ' 

Q  which  the  ordet  to  print  it  bears  dale  on  the  9th  of  August  in  that  year.     It  \ 

(  will  presently  appear  that  Franklin's  first  publication  of  the  same  views  was  ' 

■  1  a  letter  addressed  lo  Mr.  CoUinson,  despatched  in  1749.     So  far,  therefore,  ' 

s  relates  to  these  speculations,  the  priority  of  publication  must  be  conceded  j 

>  to  Noliet.     It  seems,  however,  improbable  that  Franklin,  residing  in 

J  phia,  could  have  seen  NoUet's  volume  between  the  date  of  its  public 
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j  the  despatch  of  his  letter,  an  interval  not  exceeding  a  few  months ;  anil  the  J 
i  probability  is,  therefore,  that  these  views  occurred  simultaneously  to  the  Arr 
can  and  the  French  philosopher. 

From  the  moment  that  Franklin   first   en^asjed  in   electrical  inquiries, 
lews  were  constantly  bent  on  the  discovery  of  some  useful  purpose  to  wliich  ) 
he  science  could  be  applied.     Cai  bono  ?  was  a  question  never  absent  from  S 
i  his  thoughts.*     This  craving  after  utility  was  the  great  characteristic  of  his  ) 
mind,  and  might  he  regarded  as  being  carried  almost  to  a  fault.     To  bring  the  J 
i  properties  of  matter  and  the  phenomena  of  nature  into  subjection  to  the  v 
?  of  civilized  life,  is  undoubtedly  one  of  the  great  incentives  to  the  investigation  J 
5  of  the  laws  of  the  material  world  ;  hut  it  is  assuredly  a  great  error  to  regard  it  as 
either  the  only  or  the  principal  motive  1o  such  inquiries.     There  is  in  the  per- 
ception of  truth  itself— in  the  contemplation  of  connected  propositions,  leading  ? 
i  by  the  mere  operation  of  the  intellectual  faculties,  exercised  on  individual  S 
J  physical  facts,  to  the  development  of  those  great  general  laws  by  which  the  ) 
\  universe  is  maintained — an  exalted  pleasure,  compared  with  which  the  n- 
inment  of  convenience  and  utility  in  the  economy  of  life  is  poor  and  mt 
J  There  is  a  nobleness  in  the  power  which  the  natural  philosopher  derives  from  J 
J  the  discovery  of  these  laws,  of  raising  tlie  curtain  of  futurity,  and  displaying  J 
J  the  decrees  of  nature,  so  far  as  they  affect  the  physical  universe  for  coui 
i  less  ages  to  come,  which  is  independent  of  all  utility.     There  is  a  lofty  a 
(  disinterested  pleasure  in  the  mere  contemplation  of  the  harmony  and  order 
J  nature,  which  is  above  and  beyond  mere  utility.     While,  however,  we  thus  { 
m  for  truth  and  knowledge  all  tbe  consideration  to  which,  on  their  own 
nt,  they  are  entitled,  let  us  not  be  misunderstood  as  disparaging  the  great  I 
\  benefactors  of  the  human  race,  who  have  drawn  from  them  those  benefits  ) 
J  which  so  much  tend  to  the  wellbeing  of  man.     When  we  express  the  enjoy-  J 
\  ment  which  arises  from  the  beauty  and  fragrance  of  the  flower,  we  do  not  the  ) 
i  prize  the  honey  which  is  extracted  from  it,  or  the  medicinal  virtues  it  < 
)  yields.     That  Franklin  was  accessible  to  such  feelings,  the  enthusiasm  with  > 
i  which  he  expresses  himself  throughout  his  writings  in  regard  to  natural  phe- 
omena  abundantly  proves.     Nevertheless,  useful  (^plicalion  was,  undoubtedly, 
ver  uppermost  in  his  thoughts ;  and  he  probably  never  witnessed  anj'  physical  < 
tct,  or  considered  for  a  moment  any  lawnf  nature,  without  inwardly  proposing  ) 
I  himself  the  question,  "  In  what  way  can  this  be  made  beneficial  in 
?  economy  of  life  V 

The  analogy  and  probable  identity  of  lightning  and  electricity  were  first  sug-  ' 
jested  and  demonstrated  by  Franklin  in  a  letter  addressed  to  Collinson,  which  J 
i  appears  without  a  date,  and  which  has  by  some  been  referred  to  the  date  (1750)  J 
J  of  that  which  immediately  follows  it  in  the  published  collection  of  letters. 
)  appears,  however,  by  a  subsequent  letter,t  addressed  to  the  same  gentleman 
\  1753,  that  he  was  occupied  in  the  investigation  of  this  question  from  1747  to  J 
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Inient  which  we  Bometime  aince  performed  (a  Ihe  amazemeul  of  many.  A  turkey  is  to  be  hilled  for 
dinner  bv  tho  declriccd  aSoot,  and  roasted  by  the  ehct-rical  jack,  before  a  fire  kindled  by  the  ^eclri-  ) 
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]  7-i9  ;  thai  the  paper  now  referred  to  was  first  wriltcn  in  the  formpr  year,  bi. 
that  it  was  enlarged  and  improved  and  sent  u>  England  in  1749,  whir.h  mus 
therefore,  be  taken  as  its  date.     In  this  letter  he  enters  very  fully  into  his  rea 
sons  for  considering  the  cause  of  electricity  and  lightning  to  be  the  same  phys 
icai  agent,  ditfering  in  nothing  save  the  intensity  of  its  action ;  and  he  truly  > 
observes,  that  the  difference  in  degree,  however  enormous,  i 
against  the  identity  of  the  agents,  but  that,  on  the  contrary,  an 
difference  might  be  naturally  looked  for.     "  When  a  gun-barrel  in  electrical  j 
experiments  has  but  little  electrical  fire  in  it,  you  must  approach  it  very  n 
with  your  knuckle  before  you  can  draw  a  spark.     Give  it  more  fire,  and  it  will  J 
give  a  spark  at  greater  distance.     Two  gun-barrels  united,  and  as  highly  elec 
trifled,  will  give  a  spark  at  a  still  greater  distance.     But  if  two  gun-barrels  i 
electrified  will  strike  at  two  inches  distance,  and  make  a  loud  snap,  to  what  a  \ 
great  distance  may  ten  thousand  acres  of  electrified  cloud  strike  and 
fire,  and  how  loud  must  be  that  crack  !"* 

The  analogies  which  he  stated  as  affording  presumptive  evidence  of  the  J 
identity  of  lightning  and  electricity  may  be  briefly  enumerated.  The  electrical  \ 
spark  is  zigzag,  and  not  straight ;  so  is  lightning.  Pointed  bodies  attract  e!ec-  } 
tricity  ;  lightning  strikes  mountains,  trees,  spires,  masts,  and  chimneys.  When  \ 
different  paths  are  offered  to  the  escape  of  electricity,  it  chooses  the  best  con-  ' 
ductor  ;  so  does  lightning.  Electricity  fires  combustibles ;  so  does  lightning.  ■ 
Electricity  fuses  metals  ;  so  does  lightning.  Lightning  rends  bad  conductors  J 
when  it  strikes  them ;  so  does  electricity  when  rendered  sufficiently  strong.  I 
Lightning  reverses  the  poles  of  a  magnet ;  he  proved  by  direct  experiment  that  J 
electricity  had  the  same  effect.  A  stroke  of  lightning  when  it  does  not  kill,  ( 
often  produces  blindness  ;  he  rendered  a  pigeon  blind  by  a  shock  of  electricity  J 
intended  to  kill  it.  Lightning  destroys  animal  life ;  he  killed  a  hen  and  a  tur- 
key by  electrical  shocks. 

Having  ascertained  by  experiment  ihe  property  of  points  in  attracting  and  i 
discharging  electricity,  Franklin,  acknowledging  his  inability  to  give  a  satis- 
factory theory  of  this  effect,  set  himself  to  inquire  how  "  this  power  of  points 
might  possibly  be  of  some  use  to  mankind."     To  discover  this,  he  suspended 
a  large  conductor,  by  silk  lines,  from  the  ceiling,  and  charged  it  with  electricity,  ■ 
so  as  lo  enable  it  to  give  a  spark  at  the  distance  of  two  inches,  "  strong  enough  i 
to  make  one's  knuckle  ache."     Under  these  circumstances,  he  found  that  if  a 
person  presented  the  point  of  a  needle  to  the  conductor  at  more  than  a  fool 
distance,  no  electricity  could  be  retained  upon  it,  all  passing  off  by  the  needle  J 
as  fast  as  it  was  supplied.     He  also  found,  that  if,  after  it  was  strongly  elec    ' 
fied,  the  needle  was  presented  at  the  same  distance,  the  conductor  would 
atantly  lose  its  electricity.     That  the  electricity,  in  this  case,  really  passed  off  ! 
by  the  point,  he  ^certained  by  observing  that,  in  the  dark,  the  light  v       "  ' 
ble  on  the  point  of  the  needle  ;  and  also  because,  when  the  person  pri 
the  needle  was  himself  insulated,  or  stuck  the  needle  in  a  bundle  of  sealing  j 
wax,  the  electricity  no  longer  escaped.  S 

The  next  experiment  is  so  remarkable  in  itself,  and  so  characteristic  of  the  \ 
mind  of  Franklin,  that  we  shall  give  it  in  his  own  words  : — 

"  Take  a  pair  of  large  brass  scales,  of  two  or  more  feet  beam,  the  cords  of  \ 
ihe  scf  les  being  silk.     Suspend  the  beam  by  a  packthread  from  die  ceiling,  s 
that  the  bottom  of  the  scales  may  be  about  a  foot  from  the  floor ;  the  scales  \ 
will  move  round  in  a  circle  by  the  untwisting  of  the  packthread.     Let  ai 
punch  (a  silversmith's  iron  pimch,  an  inch  thick,  is  what  I  use)  be  put  o 
end  upon  the  floor,  in  such  a  place  as  that  the  scales  may  pass  c 
king  their  circle  ;  then  electrify  one  scale  by  applying  the  wire  of  a   charged  j 
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As  they  move  round,  you  see  that  scale  draw  ninber  to  the  floor, 
e  when  it  comes  over  the  punch ;  and,  if  that  be  placpd  at  a  proper  ( 
\  distance,  the  scale  will  snap,  and  discharge  its  fire  into  it.  But  if  a  needle  be  ) 
5  stuck  on  the  end  of  the  punch,  its  point  upward,  the  scale  instead  of  drawing  J 
}  nigh  to  ihe  punch  and  snapping,  discharges  its  tire  silently  throu  h  the  point  i 
J  and  rises  higher  from  the  punch.  Nay,  even  if  the  needle  be  ph  ed  upo  the  i 
[  floor  near  the  punch,  its  point  upward,  die  end  of  the  puncl  ho  gl  so  nuch  i 
J  higher  than  the  needle,  will  not  attract  the  scale  and  rece  ve  it    fare     for  the  \ 

"e  will  get  it,  and  convey  it  away,  before  it  comes      gh  eno 
J  piuich  to  act. 

}  "  Now,  if  electricity  and  lightning  be  the  same,  the  cond  ctor 
}  may  represent  electrified  clouds.  If  a  tube  (conductor)  oi  o  h  I 
S  will  strike  and  discharge  its  fire  on  the  punch  at  two  or  tl  ree  in  h 
J  and  electrified  cloud  of  perhaps  ten  thousand  acres  may  str  ke  m 
D  the  earth  at  a  proportionally  greater  distance.  The  horizontal  n 
J  scales  over  the  floor  may  represent  the  motion  of  ihe  clouds  over  tli 

ron  punch  a  hill  or  high  building ;  and  then  we  see  how  electrified  j 
j  clouds,  passing  over  hills  or  high  buildings  at  too  great  a  height  to  strike,  may  I 
\  be  attracted  lower  till  within  their. striking  distance.  And,  lasily,  if  a  needle  i 
J  fixed  on  the  punch  with  its  point  upright,  or  even  on  the  floor  below  the  pimch, 
}  will  draw  the  fire  from  the  scale  silently  at  a  much  greater  thati  the  striking  S 
S  distance,  and  so  prei'ent  its  descending  toward  the  punch ;  or  if  in  its  > 
j  it  would  have  come  nigh  enough  to  strike,  yet,  being  first  deprived  of  i 

t,  and  the  punch  is  thereby  secured  from  the  stroke ;  /  say,  if  these  I 
i  things  arc  so,  may  not  the  knowledge  of  this  power  of  points  be  of  use  to  mankind  ) 

'nprfserving  houses,  churches,  ships,  ^c.,fTom  the  stroke  of  lighlnvig,  by  direct- 
t  ing  vs  to  fix,  on  the  highest  parts  of  those  edifices,  vpright  rods  of  iron,  made  J 
S  s^irp  as  a  needle,  and  gilt  to  prevent  rusting ;  and,  from  the  foot  of  those  rods, 
j  a  wire  down  the  outside  of  the  building  into  the  ground,  or  dawn  round  one  of  the  > 
J  shrouds  of  a  ship,  and  down  her  side  till  it  reaches  the  water?      Wviild  not  thes 
\  pointed  rods  probably  draw  the  electrical  fire  silenCli/  out  of  a  cloud  befon 
j  nigh  enough  to  strike,  and  thereby  secure  us  froi 
(  mischief? 

"To  determine  this   question,  whether  the   clouds  that  contain  lij^htning  ( 
)  be  electrified  or  not,  I  would  propose  an  experiment  to  be  tried,  where  it  J 
!  may  be  done  conveniently.     On  the  top  of  some  high  lower  or  steeple,  plac 
}  kind  of  sentry-box,  big  enough  to  contain  a  man  and  an  electrical  stand.    From  J 
J  the  middle  of  the  stand  let  an  iron  rod  rise,  and  pass,  bending,  out  of  the  door, 
f  and  then  upright  twenty  or  thirty  feet,  pointed  very  sharp  at  the  end.     If  the  J 
J  electrical  stand  be  kept  clear  and  dry,  a  man  standing  on  it,  when  such  clouds  ( 
{  aie  passing  low,  might  be  electrified,  and  afford  sparks,  the  rod  drawing  fire  to  i 
J  him  from  a  cloud.     If  any  danger  to  the  man  be  apprehended,  iei  him  stand  ( 
n  Ihe  floor  of  his  box,  and  now  and  then  bring  near  to  the  rod  the  loop  of  a 
'ire  thai  has  one  end  fastened  to  the  leads,  he  holding  it  by  a  wax  handle  ;  so 
\  the'sparks,  if  the  rod  is  electrified,  will  strike  from  the  rod  to  the  wire,  and  not 
}  affect  him."* 

When  this  and  other  papers  by  Franklin,  illustrating  similar  views,  were 
}  sent  to  London,  and  read  before  the  Royal  Society,  they  are  said  to  have  been 
!  considered  so  wild  and  absurd  that  they  were  received  with  laughter,  and  were 
i  not  considered  worthy  of  so  much  notice  as  to  be  admitted  to  a  place  in  the 
"  Philosophical  Trans  action  s."t  They  were,  however,  shown  to  Dr.  Fother- 
j  gill,  who  considered  them  of  too  much  value  to  be  thus  stifled ;  and  h 
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i  preface  to  them,  and  published  them  in  London.     They  subsequfiitl' 
S  through  five  editions. 

After  the  publication  of  these  remarkable  letters,  and  when  public  opinion  ( 
n  all  parts  of  Europe  had  been  expressed  upon  them,  an  abridgment  or  ab- 
itract  of  them  was  read  to  the  society  on  the  6th  of  June,  1751.     It  is  a  re- 
)  markable  circumstance  that,  in  this  notice,  no  mention  whatever  occurs  of 
j  Franklin's  project  of  drawing  lightning  from  the  clouds.     Possibly  this  was  the 
}  part  which  had  before  excited  laughter,  and  was  omitted  to  avoid  ndicide. 
;       Franklin  was  under  an  impression  that  a  pointed  rod  could  not  be  es- 
J  pected  to  attract  the  lightning,  unless  it  were  placed  at  a  very  great  height  in 
5  the  atmosphere  ,  and  to  render  the  result  of  his  projected  experiment  more  cer- 
)  tain,  lie  determined  to  wait  for  the  completion  of  a  spire  then  being  erected  in 
{  Philadelphia      Meanwhile,  however,  a  ditferenl  and  more  promising  expedi- 
S  ent  occurred  to  him ;  which  was,  to  send  op  the  pointed  wire  upon  a  kite,  by  S 
J  the  string  of  which  the  lightning  might  be  brought  within  his  reach.    He  soon  J 
?  succeeded  in  realizing  this,  the  most  bold  and  grand  conception  which  t 
J  presented  itself  to  the  imagination  of  an  experimental  philosopher. 
)       He  prepared  his  kite  by  making  a  small  cross  of  two  light  strips  of  cei 
J  the  arms  of  sufficient  length  to  extend  to  (he  four  corners  of  a  large  silk  ha 
)  kerchief  stretched  upon  them.     To  the  extremities  of  the  arms  of  the  cross 
J  lied  the  corners  of  the  handkerchief.     This  being  properly  supplied  wit 
)  tail,  loop,  and  string,  could  be  raised  in  the  air  like  a  common  paper  kite,  and, 
J  being  made  of  silk,  was  more  capable  of  bearing  rain  and  wind.     To  the  up- 
)  right  arm  of  the  cross  was  attached  an  iron  point,  the  lower  end  of  which  was 
J  in  contact  with  the  string  by  which  the  kite  was  raised,  which  was  a  hemper 
)  cord.     At  the  lower  extremity  of  this  cord,  near  the  observer,  a  kej  was  fast-  } 
S  ened ;  and,  in  order  to  intercept  the  electricity  in  its  descent,  and  prevent  it  J 
\  from  reaching  the  person  who  held  the  kite,  a  silJc  riband  was  tied  to  the  ring 
J  of  the  key,  and  continued  to  Che  hand  by  which  the  kite  was  held. 
I       Furnished  with  this  apparatus,  on  the  approach  of  a  storm,  he  went  out  upon 
ns  near  Philadelphia,  accompanied  by  his  son,  to  whom  alone  he 
ted  his  intentions,  well  knowing  the  ridicule  which  would  have  at- 

>  tended  the  report  of  such  an  attempt,  should  it  prove  to  be  unsuccessful.    Hav- 

}  ing  raised  the  kite,  he  placed  himself  under  a  shed,  that  the  riband  by  which  J 
S  it  was  held  might  be  kept  dry,  as  it  would  become  a  conductor  of  electricity  J 
(  when  wetted  by  rain,  and  so  fail  to  afford  that  protection  for  which  it  was  pro-  ) 

>  vided.     A  cloud,  apparently  charged  with  thunder,  soon  passed  directly  o 
(  the  kite.     He  observed  the  hempen  cord,  hut  no  bristling  of  its  fibres  was 
S  parent,  such  as  was  wont  to  take  place  when  it  was  electrified.    He  presented  j 
C  his  knuckle  to  the  key,  but  not  the  smallest  spark  was  perceptible.    The  agony  ( 

>  of  his  expectation  and  suspense  can  be  adequately  felt  by  those  only  who  have  i 
i  entered  into  the  spirit  of  such  expetimentaj  researches.     After  the  lapse  of 

S  some  time,  he  saw  that  the  fibres  of  the  cord  near  the  key  bristled,  and  stood  on 
(  end.  He  presented  his  knuckle  to  the  key,  and  received  a  strong  bright  spark. 
)  It  was  lightning.  The  discovery  was  complete,  and  Franklin  felt  that  he  was 
(  immortal. 

)      A  shower  now  fell,  and,  wetting  the  cord  of  the  kite,  improved  its  conducting  J 
j  power.     Sparks  in  rapid  succession  were  drawn  from  the  key,  a  Leyden  jar  \ 
)  was  charged  by  it,  and  a  shock  given  ;  and,  in  fine,  all  the  experiments  which  J 
I  were  wont  to  be  made  by  electricity  were  reproduced  identical  in  all  their  c< 
S  comitant  circumstances, 
(       This  experiment  was  performed  in  the  month  of  June,  1753.     It  will  be  r 
)  membered  that   Franklin's  letters  to  Mr.  Collinson  had  been  previously  pub- 
i  lished,  translated,  and  widely  circulated  in  different  languages  throughout  Eu- 
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)  ro|ie ;  and  in  these  letters,  not  only  the  object  of  the  experiment  and  the  prin- 
ciple it  was  designed  to  establish  were  fully  explained, but  iniiiule  and  circum- 
'  direclions  were  given  as  to  the  manner  of  executing  it.     Persons  en- 
n  physical  inquiries  in  different  parts  of  Europe  were  invited,  and  pre- 
)  pared  to  submit  it  to  a  trial  when  convenient  opportunities  offered.     Among  { 
?  these  was  a  French  electrician,  M.  Dalibard,  who,  in  the  spring  of  ]753,  prt- 
S  pared  means  of  making  the  experiment  at  Marly -la- Ville,  a  place  situate  about  six 
(  leagues  from  Paris.     He  succeeded  on  the  10th  of  May,  about  a  month  before  ? 
S  thi)  experiment  of  Franklin,  and  made  a  report  of  his  proceedings  to  the  Acad-  S 
J  amy  of  Sciences  at  Paris  on  the  13th,  in  which  he  states  that  the  experiment  ) 
S  had  been  made  at  the  suggestion  and  according  to  the  method  laid  down  by  J 
J  Franklin.*     The  experiment  of  Franklin,  in  June,  was  made  before  he  could  ) 
\  have  been  informed  of  that  of  Dalibard.     The  same  experiment  was  repes' 
5  on  the  IStli  of  May  by  M.  de  Lor,  at  his  house  in  the  Esirapade,  at  Paris  ;  . 
5  an  account  of  it,  as  well  as  that  of  M.  Dalibard,  was  communicated  to 
(  Royal  Society  of  London  by  the  Abbe  Mazeas,in  a  letter  dated  30th  May,  two  i 
I  days  after  the  latter  experiment,  in  which  the  abbe  ascribes  all  the  credit  of  J 

<  the  experiment  to  Franklin. t 

>       The  right  of  Franklin  to  the  credit  of  having  established  the  identity  of  light- 

<  ning  and  electricity  has  been  denied,  and  the  honor  claimed  for  the  French  ( 
I  philosophers  Nollet  and  Dalibard.  This  claim  was  advanced,  not  when  Eu-  t 
(  rope  from  east  to  west,  and  from  north  to  south,  was  filled  with  amazement  ) 
j  and  admiration  at  the  philosophic  boldness  of  the  "  Philadelphian  experiment" 

j  (aa  it  was  universally  called),  or  the  profound  sagacity  with  which  it  was  con- 
:;eived,  with  which  its  minute  details  were  prescribed,  and  its  results  foretold  ! 
—not  when  its  illustrious  author  was  elected  by  acclamation  a  member  of  the  i 
}  learned  societies  of  Europe,  and  received  the  academical  degree  from  the  moat  i 
J  ancient  and  honored  of  universities — but  after  the  lapse  of  nearly  a  century,  after  ( 
)  the  story  of  Franklin's  kite  had  passed  from  the  transactions  of  philosophical  so-  i 
!  cieties,  and  the  memoirs  of  institutes  of  sciences,  into  the  primers  of  children,  j 
'  In  short,  it  was  so  recently  as  the  year  1S3I,  that,  in  his  admirable  Eloge  of  ! 
i  Volta,  M.  Arago,  taking  a  retrospect  of  electrical  discovery,  maintained  that  ( 
j  after  the  conjecture  of  Nollet,  on  the  identity  of  lightning  and  electricity,  ai 
J  experimeni   to   ascertain  the  fact  was  almost  useless.     And  the  reasons  he  as- 
\  signed  for  such  inutility  were,  that  the  experiment  had  been  first  made  wher 
J  flame  appeared  on  the  spears  of  soldiers,  and  the  masts  of  ships  ;i  but  that,  i: 
?  any  credit  be  claimed  for  the  actual  exhibition  of  the  fact  by  immediate  experi-  j 
mt,  that  credit  is  due  to  M.  Dalibard. 

If  such  a  statement,  supported  by  such  a  reason,  had  proceeded  from  a  quar- 
r  less  entitled  lo  respect  than  ^e  "  perpetual  secretary  of  the  Academy  of  J 

ction  compl^to."- 


rduisait  alora  il  <xa  projet  d'expfrienoe,  dont  Nollet  n'avait  pas  parler. Sans  por- 

Is  eloire  de  Franklin,  je  dois  remarqnar  qoe  TexpSrienoe  proposSe  ita.il  presqne  inHlile. 

\  Lea  soldata  de  la  cinqnidme  legion  Romaine  I'avaient  dija  faiie  pendant  la  guerre  d'Afriqne,  le  jour 

conime  C^sar  le  rapporte,  le  fer  de  tons  les  javelota  parnt  en  fen  !l  la  saite  d'nn  orage.    11  en  est 

nSnie  des  nombrenx  navigotenre  i  qni  Castor  et  Pollux  s'Staient  moutr^a,  soit  aux  poinles  mfe- 

qnes  des  mais  on  dea  vergnee,  eoil  sur  d'aWrea  partiea  aaiUanlea  de  leora  navirea Aq 

e,  sotc  qae  plusienra  de  cea  circonaencea  Ihaaeot  ignor^ea,  soit  ga'on  ne  les  tcoavilC  pas  dfemou- 
'        isais  directs  fembi^rentnfeceaB^res,  etc'eat  ^  Dnllbard,  notrecompatiiole,  iji    ' 
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Sciences,"  the  astronomer  royal  of  France,  the  man  who  stands,  if  not  first,  in- 
contestably  in  the  first  rank  of  living  meteorologists — in  a  word,  than  M.  Arago 
—no  one  would  think  it  entitled  td  a  serious  answer.  It  would  be  classed 
among  those  strange  obliquities  of  historic  vision  which  have  led  some  persons 
to  see  in  Richard  and  Macbeth,  not  tyrants  and  murderers,  but  mild  and  virtu- 
ous princes,  cruelly  wronged  by  the  calumnies  of  tradition. 

Nollet  conjectured  the  probable  identity  of  lightning  and  electricity,  but  gave 
not  the  most  distant  hint  of  any  possible  method  by  which  the  probability  could 
be  experimentally  tested.  Franklin  boldly  maintained  the  idenfity  of  these 
agents,  gave  numerous  and  cogent  reasons  to  support  that  position,  and  more- 
over prescribed  with  minute  details  two  distinct  methods  by  which  lightning 
could  be  brought  into  the  hands  of  the  observer,  and  submitted  to  the  same  ex- 
perimental examination  as  electricity  had  undergone.  One  of  these  two  meth- 
ods was,  in  scrupulous  accordance  with  his  directions,  applied  in  France  ; 
and  the  other,  within  a  few  weeks,  was  adopted  by  himself  in  America.  The 
results  of  bodi  were  precisely  what  Franklin  had  foretold.  Both  were  com- 
pletely successful. 

But,  re|oins  M.  Arago,  the  whole  affair  of  the  experiment  was  useless,  for 
It  had  already  been  effected.  The  flame  on  the  javelins  of  the  Roman  senti- 
nels of  the  fifth  legion  was  sufficient  as  an  experiment,  not  to  mention  Caslor 
and  Pollux,  so  often  seen  by  sailors  on  their  mast-tops  !  What  would  so  se- 
vere a  reasoner  as  M.  Arago  say  to  another  who  should  maintain,  without  fur- 
ther experiment,  that  either  of  these  luminous  appearances  was  identical  with 
lightning? — and  if  that  were  conceded,  where  would  have  been  found  the  . 
proof  that  these  meteors,  and  the  lightning  with  which  they  would  be  granted  j 
to  be  identified,  were  due  to  the  same  physical  agent  as  that  manifested  by  the 
friction  of  glass  and  resin  ? 

If  however,  says  M.  Arago  again,  the  experiment  were  necessary  or  useful, 
science  owes  it  to  M.  Dalibard,  who  executed  it  at  Marly-la-Ville  a  month  be- 
fore Franklin,  with  his  kite,  made  it  at  Philadelphia.  This  statement  is  not 
attended  with  the  circumstantial  accuracy  whieh  M.  Arago  is  accustomed  to 
observe.  The  fact,  as  stated  by  M.  Dalibard  himself,  was,  that  he  took  Frank- 
lin's printed  directions  as  to  the  manner  of  performing  hi  a  (Franklin's)  project- 
ed experiment,  and  followed  them  to  the  letter  in  preparing  his  apparatus  at 
Marly-la- Ville.  Having  accomplished  this,  he  put  the  directions  for  making 
the  observations  into  the  hands  of  one  Coiffier,  an  old  retired  soldier,  who  fol- 
lowed the  trade  of  a  carpenter,  and  who  probably  also  erected  the  apparatus 
itself,  and  desired  Coiffier  to  make  the  experiment  in  the  manner  prescribed 
by  Franklin,  if  a  storm  should  occur  at  a  time  when  he  (Dalibard)  was  absent. 
;  The  first  storm  did  occur  when  Dalibard  was  at  Paris.  Coiffier  presented  a  piece 
i  of  metal  to  the  rod,  and  received  several  sparks.  He  then  ran  for  the  cure, 
'  who  with  him,  repeated  the  experiment,  and  immediately  wrote  a  full  descrip- 
I  tion  of  it,  with  which  he  despatched  Coiffier  himself  to  Paris  to  M.  Dalibard. 
'  Thus  it  appears  that  so  far  from  science  being  indebted  to  M.  Dalibard  for 
I  the  earliest  exhibition  of  this  capital  experiment,  that  philosopher  had  no  other 
;  share  in  it,  save  that  of  having  caused  the  erection  of  the  conducting  rod  and 
'<  other  apparatus  according  to  Franklin's  directions.  In  the  actual  perfr 
'  of  the  first  experiment,  he  had  no  share  whatever. 
1  Let  us  now  see  how  the  account  of  credit  stands  on 
'  rable  discovery:-— 
I       In  1708,  Dr.  Wall  mentions  a  rwcmiWee  of  electncity  to  thunder  and  iigtit- 


e  of  this  memo- 
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e  astonish- 


r  d  ntity.  and  accurately  describes 
g  and  sends  his  instructiona  to  Eu- 
lo  al  opportunities  than  he  possessed  tc 

In  1752,  MM.  Dalibard  and  Belo  n  F  a  e  make  the  preparations  prescri-  \ 
bed  according  to  one  of  Franklin  s  methods ;  and  Franklin  makes  in  Pliil-  J 
adeiphia  preparations  according  to  the  other  method,  ! 

On  lOih  May,  1752,  Coiffier  and  the  curate  make  the  experiment  as  directed  > 
by  Franklin,  and  obtain  the  results  foretold  by  Fraiiklin. 

In  June,  1752,  Franklin  makes  the  same  experiment  in  Philadelphia 
cording  to  the  other  method,  with  like  resulia. 

If  the  credit  of  the  discovery  is  due  to  him  who  first  conjectured  the  identity  I 
of  lightning  and  electricity,  then  it  is  due  to  Mr.  Stephen  Gray.  \ 

,  If  it  be  due  to  him  who  showed  the  method  of  making  the  capital  expert-  J 
ment  by  which  the  identity  must  be  either  established  or  refuted,  it  belongs  If 
Franklin. 

If  it  be  due  to  the  persons  at  whose    expense    Franklin's  apparatus  wai 
first  constructed,  then  it  must  be    shared  between    Franklin,    Dalibard,  and  I 
Delor.  ^  \ 

If  it  be  due  to  him  who  first,  in  person,  perforTned  the  experiment  proposed  J 
by  Franklin,  it  must  be  accorded  to  the  carpenter  and  dragoon  Coiffier. 

We  shall  now  dismiss  this  matter,  to  which  more  space  has  been  a 
than  it  is  entitled  to,  merely  observing,  that  much  as  living  philosophers  must  > 
be  surprised  at  the  claim  advanced  in  favor  of  M.  Dalibard,  that  elec 
hunself,  could  he  rise  from  his  tomb,  would  see  with  infinitely  rno 
ment  an  honor  sought  for  him  to  which  he  never  himself  aspired,  i 
he  had  the  slightest  title.  .      , 

Franklin  having  established,  beyond  the  possibility  of  dispute,  the  identity  ( 
of  lightning  and  electricity,  proceeded,  in  accordance  with  that  characteristic  S 
attribute  of  his  mind  already  noticed,  to  turn  this  discovery  to  the  benefit  of  j 
mankind,  and  proposed  the  general  adoption  of  those  pointed  metallic  rods  now  i 
so  commonly  erected  at  the  summits  of  buildings  to  protect  them  from  the  efl'ects  I 
of  lightning.  The  principle  of  this  apparatus,  as  now  constructed  for  edifices  ^ 
and  ships,  differs  in  nothing  essential  from  that  proposed  by  its  celebrated  ii 
venlor.  .       ... 

This  part  of  tlie  labors  of  Franklin  in  electricity  cannot  be  dismissed  wilii-  | 
out  a  passing  notice  of  the  dispute  which  was  maintained  in  Englaod  respect-  ' 

■  ing  the  comparative  advantages  of  conductors  with  pointed  ends  as  proposed  by  ( 
'  Franklin,  or  with  round  or  blunted  ends  as  suggested  by  some  others.     It  were  > 

■  for  the  honor  of  science  that  this  discreditable  controversy  had  never  taken  ( 
'  place.     It  forms  a  rare,  if  not  a  solitary  example,  of  the  prostitution  of  philos- 

'  °Vh'  ti>  gi^iiiy  the  meanest  passions  of  an  obstinale  and  imbecile  prince.    The 
\  persevering  tenacity  with  which  the  British  monarch  fastened  his  last  grasp  ) 
i  on  his  American  subjects  about  to  wrest  themselves  from  bis  power,  and  asf" 
their  independence,  is  well  known.     By  his  pursuit  of  that  object,  after 
reasonable  hope  of  securing  it  had  expired,  the  treasures  of  his  kingdom  w 
laTished,  and  the  blood  of  his  people  flowed  in  mutual  slaughter.     Bad  as  w 
these  consequences,  they  were  nevertheless  the  ordinary  consequences  of  v 
But  the  vindictive  spirit  of  the  court  passed  from  the  field  and  council-board  to  ( 
the  peaceful  halls  of  science  ;  and  because  Franklin,  the  agent,  representative, 
and  counsellor  of  the  American  people,  had  proposed  the  use  of  painud  con- 
ductors, a  party  of  parasites  was  found,  who,  to  gratify  George  III.,  advocated  | 
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ELECTRICITY. 


j  bluni  conductors     and  to  cro«ii  this  most 
ictuallv  erected  upon  Ihero^al  palac 

Franklin  ne\t  directed  his  inquiries  to  the  quantity  and  naH  re  ot  the  elec 
)  tricity  with  which  the  clouds  la  various  states  ol  the  atmoaphere  were  charf, 
J  ed.     To  facilitate  his  eipenmental  inquiries  on  this  subject  he  er  ctpd  m  hi 
5  house  in  Philadelphia  a  pointed  iron  rod  which  he  was  enabled  to  jnantate  al 
j  pleasure,     fhi^  rod  was  put  in  communication  with  a  s^  item  of  bells    which  ! 
J  aiiernately  attracted  and  repelled  their  hammers  when  electrifled      Whenever  J 
S  a  cloud  charged  with  eleciric-ity  passed  oier  the  Jioiisp  wilhm  such  a  distance  \ 
)  as  to  affect  the  conductor  these  bells  would  rirg  and  mlorm  hi  u  of  ilie  oppor 
j  tunity  of  prosecuting  his  e\penn  enls 

J       Having  satisfied  himself  that  the  cl  uds  were  frequenth    in  dn  electrified  ( 
j  Slate  when  there  was  no  ihunder  or  1  ghtning    his  next  inquirj  was    wl  ether  \ 
j  they  were  electrified  positnely  or  negatiielj      This  w  as  a  queition  of  n 
■>  interest  lo  hira  because  according  to  h  s  theory  if  their  electncitj  w  ere  i 
(  alive,  the  earth      in  thunder  strokes   would  strike  into  the  clouds  and  not  the  { 
i  clouds  into  the  earth        To  determine  this  he     took  two  phials  and  cliarged  J 
(  one  of  them  with  lightning  Irom  the  iron  rod    and  ^^.^e  the  other  an  equal  j 
>  charge  (of  elecinoitj)  from  the  prime  c  inductor      When  charged  he  placed  J 
j  them  on  a  table  wilhm  three  or  four  inches  of  each  other    a  smil!  cirk  ball  i 
)  being  suspended  by  a  fine  silk  thread  from  the  ceiling  so  as  to  pla)    between  < 
?  the  wires.     If  1  olh  bottles  then  were  electrified  positueir/  the  ball  being  attract 
j  ed  and  then  repelled  by  the  one  must  bi,  repelled  by  (he  other      If  the  one 
(  positively  and  the  other  negatively  then  the  ball  would  be  attracted  and  repel 
1  led  by  each  and  continue  to  play  between  them  so  long  as  an\    considerable  \ 
\  charge  remained   t 

)       From  experiments  with  this  apparatus  ne  concluded  ihnt  olouds  w 
J  times  positnely  and  sonetimea  negaii  ry  electnlied    but  oft  en  er  negatively    \ 
\  Electrical  instruments  had  not  jet    ho  ve  er    advanced  to  such  a  slate  of  im 
X  provement  as  lo  enable  a  mmd  e\en  acute  as  his  lo  make  much  further  dis 
i  covery  in  atmospher  c  electricity     a  d  ilthough  the  details  of  his  experiments  \ 
j  and  his  iheoret  cal  speculations  regarding  thi,m  must  alwa3a  be  read  with  5 
)  profound  interest,  yet  no  further  principles  of  importance  appear  to  have  been  \ 
\  evolved  from  them. 

If  it  be  true  that  the  Royal  Society  laughed  at  his  speculations  and  refused  \ 


n  them  a  place  in  their  Transactions,  they 
\  their  error.  They  conferred  upon  him  h 
5  and  unanimously  elected  him  an  hono    ry 

An  experiment  so  remarkable  as  th 
(  could  not  fail  to  be  verified  and  repeated  by  j 
/  One  of  the  first  instances  of  this  zeal  d      d  m  m 

{  sidt.     Professor  George  William  Rich  f  '5    P        I 

an  essay  on  electricity  ;  and  in  order         b  1      n 

knowledge  of  the  phenomena,  he  plac  d  d  h 

metallic  communication  between  it  and  h  dj      h       h 

repeating  Franklin's  experiments.     0     h     6  h    f  A  gu 
maun  attended  a  meeting  of  the  Peter  b    g  A    d  my    f  S 
j  der  was  heard,  on  which  he  went  to  h     1  p 

■,  who  being  engaged  to  illust        h     w     k  d        d 


h  gh       h  (  b    C   pi  y  medal),  ' 

1        f   h  J  53.       ' 

f  Iigl  1ml       louds, 

y      h  If      lence. 

d      d  m  m      bl    bj  al  re- 

f  '5    P        b  p    paring  ? 

d  him  king  a 

dj      h       h    p       d  dm    nsfor 

53  whl    Rich- 

d  thun- 


"  The  king's  clianging  his  pointsd  cc 


■a  for  blun 


'n  Ihaudei  ia  destroyiag  his  ia 


o  the  liioiider  of  hesv. 
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trical  appearances  which  he  would  have  to  represent  in  the  plates.  While  s 
Richmann  was  describing  to  Sokolow  the  nature  of  the  apparatus,  a  thunder-  i 
clap  was  heard  louder  and  more  violent  than  any  which  had  been  remembered  J 
at  St.  Petersburg.  Richmann  stooped  toward  the  electrometer  of  the  appara- 
tus to  observe  the  force  of  the  electricity,  and  "  as  he  stood  in  that  posture,  a 
great  white  and  bluish  fire  appeared  between  the  tod  of  the  eleclrometer  and  I 
his  head.  At  the  same  time  a  sort  of  steam  or  vapor  arose,  which  entirely  be-  j 
"numbed  the  engraver,  and  made  him  sink  on  the  ground."  Several  parts  of  ! 
the  apparatus  were  broken  in  pieces  and  scattered  about.  The  doors  of  the  j 
room  were  torn  from  their  hinges,  and  the  house  shaken  in  every  part.  The  ) 
wife  of  the  professor,  atarmed  by  the  shock,  ran  to  the  room,  and  found  her  j 
husband  sitting  on  a  chest,  which  happened  to  be  behind  him  when  he  was  ( 
struck,  and  leaning  against  the  wail.  He  appeared  to  have  been  instantly  1 
struck  dead.*  ( 

During  1753  and  the  susceeding  years  the  subject  of  atmospheric  electricity  ( 
engaged  the  attention  of  persons  devoted  to  physical  science  in  different  parts  J 
of  Europe.  The  climate  of  England  being  less  favorable  to  such  researches  J 
than  more  southern  latitudes,  fewer  opportunities  of  observation  were  offered ; 
nevertheless.  Canton,  Wilson,  and  Bevis,  soon  repeated  and  verified  the  Phila-  . 
delphia  experiments.  CantOn  showed  that  the  clouds  were  electrified,  some- 
times negatively  and  sometimes  positively,  and  carried  such  observations  fur-  J 
ther  than  FrankUn. 

But  the  moat  acute  and  indefatigable  follower  of  Franklin  at  this  time,  in  f 
mospheric  electricity,  was   Becearia,  who,  in  1753,  pubhshed  a  treatise  i 
electricity  at  Turin,  and  a  series  of  letters  on  the  same  subject,  at  Bologna, 
1758.     He  erected  numerous  conducting  rods  in  different  places  of  observa- 
tion, and  elevated  kites  according  to  Franklin's  method.     By  raising  these  to 
various  heights,  ho  observed  the  electricity  of  different  atmospheric  strata,  and  J 
he  improved  this  mode  of  observation  by  interlacing  the  strings  with  metallic  i 
wire.     To  keep  his  kites  constantly  insulated,  and  at  the  same  time  to  give  J 
them  more  or  less  string,  ho  rolled  the  string  upon  a  reel,  which  was  supported  i 
by  pillars  of  glass,  and  his  conductors  were  placed  in  metallic  communicai' 
with  this  reel. 

This  profound  philosopher,  and  acute  and  accurate  observer,  has  left  in 
history  of  electricity  traces  of  his  genius  second  only  to  those  with  which  J 
Franklin  and  Yolta  impressed  it.     Becearia  was  the  first  who  diligently  studied  J 
and  recorded  the  circumstances  attending  the  phenomena  of  a  thunder-storm. 
He  observes  that  the  first  appearance  of  a  thunder-storm  (which  generally  hap-  ' 
pens  when  there  is  little  or  no  wind)  is  one  dense  cloud  or  more,  increasing  ? 
rapidly  in  magnitude,  and  ascending  into  the  higher  regions  of  the  atmosphere,  f 
The  lower  edge  is  black  and  nearly  horizontal,  but  the  upper  is  finely  arched  } 
and  well  defined,     Many  of  these  clouds  often  seem  piled  one  upon  the  other,  J 
all  arched  in  the  same  maimer  ;  but  they  keep  constantly  uniting,  swelling,  and  ? 
ejitending  their  arches.     When  such  clouds  rise,  the  firmament  is  usually  J 
sprinkled  over  with  a  great  number  of  separate  clouds  of  odd  and  bizarre  forms,  i 
which  keep  quite  motionless.     When  the  thunder-cloud  ascends,  these  are 
)  drawn  toward  it ;  and  as  they  approach  they  become  more  uniform  and  regular 
in  their  shapes,  till,  coming  close  to  the  thunder- cloud,  their  limbs  stretch  mu- 
tually toward  one  another,  finally  coalesce,  and  form  one  uniform  mass.     But 
sometimes  the  thunder-cloud  will  swell  and  increase  without  the  addition  of 
these  smaller  adscititious  clouds.     Some  of  the  latter  appear  like  white  fringes  ? 
a',  the  skirts  of  the  thunder-cloud  or  under  the  body  of  it,  but  they  coniinuaily  ' 
grow  darker  and  darker  as  they  approach  it. 
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ed  a  great  magnitude,  f 

b      g  detached  toward  the  S 

1  e  lower  surface  s 

d  h     earth  ;  and  some 

o  the  earlh,  which  the  ( 
b    n      is  under  the  thunder- 
d  seen  to  sink  lower  and  \ 

umber  of  small  clouds 
oular  directions  below  it.  ! 
p  d  m     003,  the  rain  generally  S 
bails. 
While  the  h     a    -cl     d  11    g      d    '       d        tself  over  a  large  ti 

)  of  coiintry,  th    1  gh       g  to  d      f    m        p        f  it  to  another,  and  often  5 

\  to  illuminat     ta     htm  Wh        h      1    d  h        cquired  a  sufficient  e. 

?  tent,  the  lightning  strikes  between  the  cloud  and  the  earth  in  two  opposite  I 
1  places,  ihe  path  of  the  lightning  lying  through  the  frhole  body  of  the  cloud  and  i 
\  its, branches.     The  longer  this  lightning  continues,  the  rarer  does  the  cloud  \ 

tnd  the  less  dark  in  its  appearance,  till  it  breaks  in  different  plat 
(  shows  a  clear  sky.  When  the  thunder  is  thus  dispersed,  those  parts  which  ( 
)  occupy  the  upper  regions  of  the  atmosphere  are  spread  thinly  and  equally,  and  j 
e  beneath  are  black  and  thin  also,  but  they  vanish  gradually  with-  ( 
J  ouF  being  driven  away  by  the  wind. 

The  instruments  for  electrical  observation  used  by  Beccaria  never  failed  t< 
i  give  indications  corresponding  to  the  successive  changes  in  progress  in  thi 
?  atmosphere  above  his  observatory.     The  stream  of  fire  from  his  conductor  wa: 
j  generally  uninterrupted  while  the  ihundor-cloud  was  directly-above  it.     The  J 
J  same  cloud  in  its  passage  electrified  his  conductor  alternately  with  positive  ai 
f  negative  electricity.     The  electricity  of  the  conductor  continued  to  be  of  the  J 
(  same  kind  so  long  as  the  thunder- cloud  was  simple  atid  uniform  ia  its  direc- 
{  tion  ;   but  when  the  lightning  changed  ils  place,  a  change  in  the   species  of 
electricity  ensued.     A  sudden  change  of  this  kind  would  also  happen  after  a 
violent  flash  of  lightning  ;  but  the  change  would  be  gradual  when  the  lightning  ) 
was  moderate,  and  the  progress  of  the  thunder-cloud  slow." 

But  among  the  labors  of  this  philosopher,  that  rendered  by  modem  discov- 
eries most  memorable  was  one  which  by  his  contemporaries  and  their  imme- 
)  diate  successors  was  regarded  as  an  ingenious  and  over-refiued  conjecture,  S 

rather  than  what  it  afterward  proved  to  be,  the  distant  shadow  of  a  coining  dis- 
i  covery  detected  by  the  far-sighted  mind  of  this  acute  and  estraondinary  man. 
?  Franklin  had  been  the  first  to  magnetize  fine  sewing-needles  by  the  electric  < 
i  spark.     Dalibard  observed  that  the  extremity  of  the  needle  at  which  the  spark  S 
i  from  the  excited  glass  entered  had  northern  polarity,  and  both  Franklin  and  J 
)  Dalibard  discovered  that  a  spark  of  equal  force  given  to  the  other  end  of  ihe 

<  needle  deprived  it  of  the  magnetic  virtue.     From  these  and  from  similar  ex- 
S  perimenta  made  by  himself,  Beccaria  inferred  that  the  polarity  of  the  magnetic 

edle  was  determined  by  the  direction  in  which  the  electric  current  had 
ssed  through  it:  He  assumed  the  magnetic  polarity  acquired  by  ferrugin- 
3  bodies  which  had  been  struck  by  lightning,  as  a  test  of  the  direction  of  the 
icttic  current  in  passing  through  them,  and  thence  inferred  the  species  of 
(  electricity  with  which  the  thunder-cloud  had  been  charged. t 

Extending  this  analogy  to  the  earth  itself,  Beccaria  conjectured  that  terres- 

<  trial  magnetism  was,  like  that  of  the  needle  magnetized  by  Franklin  and  Dali- 


•  Boccaiia,  Loitei-e  dell'  Elett 
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e  effect  of  permanent  currents  of  natural  electricity,-  established  I 
led  upon  its  surface  by  various  physical  causes  ;  ttat,  as  a  violent  ) 
J  current,  like  tliat  which  attends  the  exhibition  of  lightning,  produces  instants-  \ 
md  powerful  magnetism  in  substances  capable  of  receiving  that  quality,  < 
^  a  more  gentle,  regular,  and  constant  circulation  of  the  electric  fluid  ( 
/  upon  the  earth  impress  the  same  virtue  on  all  sucli  bodies  as  are  capable  of 
5  it.     Observation  proves  that  a  vast  quantity  of  this  fluid  circulates  between 
\  different  parts  of  the  atmosphere  in  storms  ;  that  a  quantity  not  inconsiderable 
j  circulates  in  the  lime  of  ordinary  rain ;  and  that  even  when  the  weather  is  se- 
rene and  the  heavens  unclouded,  some  quantity  is  still  observable.     "  Of  such  ') 
fluid,  thus  ever  present,"  observes  Beccaria,  "  I  think  that  some  portion  is  c 
stantly  passing  through  all  bodies  situate  on  the  earth,  especially  those  which  ) 
are  metallic  and  ferruginous  ;  and  I  imagine  it  must  be  those  currents  which  J 
(  impress  on  fire-irons,  and  other  similar  things,  the  power  which  they  arc  known  j 
o  acquire  of  directing  themselves  according  to  the  magnetic  meridian  when  ) 
I  they  are  properly  balanced."* 

I       He  observed,  that  to  say  we  are  insensible  to  this  current  around  us,  is 
\  good  argument  against  its  existence  ;  for  that  its  uniformity,  constancy,  and  ) 
I  imiversality,  would  necessarily  render  it  imperceptible,  since  all  bodies  must  j 
(  partake  of  it  in  common.     His  hypothesis  to  account  for  the  variation  and  dip  ) 
'    not  the  least  remarkable  part  of  this  extraordinary  anticipation.     He  consid-  ! 
__'8  that  the  electro-magnetic  currents  have  not  all  a  common  centre,  but  may  J 
)  have  several  situate  in  our  northern  hemisphere.     The  aberration  of  their  com-  j 
litre  from  the  true  terrestrial  pole  may  probably  be  the  cause  of  the  ) 
n  of  the  compass.     The  periodical  change  to  which  the  position  of  this 
5  common  centre  is  subject  would  correspond  with  and  cause  the  periodical 
I  change  of  that  variation,  and  the  obliquity  of  these  cuirenis  may  be  the  cause 
<  of  the  dip.t 

j      That  the  anticipation  of  the  fundamental  principle  of  electro -magnetism,  and 
J  terrestrial  magnetism,  should  have  been  complete  in  all  its  details,  could  sca,rce- 
)  ly  have  happened  at  that  epoch  without  something  approaching  to  inspiration  ;  i 
}  but  it  will  be  readily  admitted  that  these  guesses  of  Beccaria,  when  compared  I 
\  with  the  discovery  of  Crested  and  the  theory  of  Ampere,  form  one  of  the  most 
{  striking  episodes  in  the  history  of  science. 

S       The  analogy  between  lightning  and  the  electric  spark,  arising  from  the  pe- 
)  culiar  noise  or  explosion  with  which  each  was  attended,  had  been  noticed  by  I 
j  many  electricians.    Beccaria,  however,  investigated  and  demonstrated  its  cause,  ) 
f  by  showing  that  it  proceeded  from  a  pulsation  produced  in  the  air  by  the  sudden  ( 
?  displacement  of  tiiat  portion  of  it  through  which  the  electric  fluid  passes.    This  J 
J  displacement  being  transmitted  through  the  atmosphere  in  exactly  the  s; 
i  manner  as  vibrations  are  produced  by  a  sonorous  body,  the  sound  accompany- 
'  g  an  electric  discharge,  and  the  thunder  which  attends  the  atmospheric  e'-" 

'  "  Di  tale  fooco,  io  penao  eliB  alcana  parte  petpetnamente  diacorra  per  tuui  i  corpi  eitnati  f 
[cira,  masHimamente  per  i  meiallici  e  ferjgni.    Penso  che  esBu  Ma,  il  quale  attf  aTeraaiido  le  pac 
moUeJepaleticoaafiriMfattibisliiQghlferri,  iqoalid'ordiaariopondonoopoaaiio  veriigalmi       . 
prima  lore  la  vinb  di  aitaarsi  nelia  meriJiana  magnetica,  allora  one  sono  conveEienteiuente  bill-   I 

i '"  Qaeata  a'iatemalioa  elettrico-tDa^elica  ciroolazione,  secoodo  me,  non  pnwedetebbe  da  on  aolo   J 

ae  aucceeeivamente,  pA  fplte  oi  luoghi  pill  vioini  ad  alcuQ  pmW  BetlenlrioaalB ;  e  la  frequenza,  la  J 

axione.  o  piutWaUi  la  diresbne  del  corao  ioro  mi  si  rappteaonterobhono  dalla  posizione,  freqaen-  ( 

,  e  diverzione,  eon  ehe  id  diepongono  inlorao  alii  emiaferi  di  una  sferica  caiamila  le  ordinaUeBlrae  J 

le  della  iimitura  di  Ibrro,    E  ginata  una  lale  ipoleai,  I'abertaiione  del  eenito  cumune  di  lutle  e  [ 

rie  aorsoati,  ehe  eslenderebbono  la  lora  aiiona  ad  ona  data  ragione,  dal  vero  punlo  aettenlnonalo  J 

epiegherabbe  I'abeiranionB  della  oalamita  i  il  periodo  di  quella  aberraiione  rai  apiegberebbe  il  1 

rigdo  di  querta  declinazione  i  I'obbliquitS,  con  cho  quelle  aorgenii  spiceiercbbono  da  terra,  e  si  ) 

■c^erebbono  verso  mezzo  di,  mi  Bpiesterebbe  e  la  iiiclinazione  degli  aghi,  e  la  panieolare  la-  j 

ii^  coa  cbe  si  ealanutaao  i  ferrl  el  fawamente  inolinati." — Letlere,  p.  368.  I 
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J  Iricity,  ensue.     Beccaria  yeriiied  this  hypothesis  by  experiment. 

)  strucled  a  glass  siphon,  in  one  leg  of  which  air  was  enclosed  above  a  column  ( 

}  of  mercury,  and  compressed  by  the  column  in  the  other  leg  of  the  siphor 

"     'larging  a  Leyden  jar  through  the  air  thus  enclosed,  the  column  of  mercury  ) 
e  other  leg  was  suddenly  elevated,  and  recovered  its  position  after  several  \ 
}  oscillations.*     This  fact  was  also  noticed  by  Kinnersley,  the  friend  and  asso- 
;iate  of  Franklin,  but  not  until  a  later  period. 

This  was  afterward  corroborated  by  Bouguer  and  De  la  Condamlne,  whet 
hey  encountered  a  violent  thunder-storm  on  one  of  the  highest  mountains  of 
}  Peru.     The  cloud  from  which  the  thunder  proceeded  was  placed  at  but  a  small  ) 
J  distance  above  their  heads.     The  thunder  heard  by  them  consisted  only  of  J 
j  single  cracks,  or  explosions,  like  those  which  attend  the  discharge  of  electric  ? 
j  batteries  ;  an  effect  manifestly  produced  by  the  proximity  of  ihe  cause  of  the 
(  sound,  and  the  highly  rarefied  state  of  the  air  at  that  great  elevation. 
j       Contemporaneously  with  Beccaria,  Franklin,  and  Canton,  the  subject  of  at- 
,  mospheric  electricity  engaged  the  attention  of  Leraonnier,  who  elected  an  ap- 
'  paraius  according  to  Franklin's  method  at  St.  Germain-en-Laye,  with  which  he 
J  showed  that  sparks  were  received  from  the  conductor  not  only  in  times  of 
f  storm,  but  also  when  the  heavens  were  cloudless.     He  also  first  showed  that  J 
electricity  of  the  air  underwent  every  twenty-four  hours  periodical  v 
IS  of  intensity. 

Jeccaria  determined  the  law  of  these  variations,  and  was  the  first  who  dem-  i 
\  onstrated  that  at  all  seasons,  at  all  heights,  and  in  every  state  of  the  wind,  the  j 
(  electricity  of  an  unclouded  atmosphere  is  positive.     He  found  no  indications  { 
j  of  electricity  in  the  air  in  high  winds,  when  the  firmament  was  covered  with 
black  and  scattered  clouds,  having  a  slow  motion  in  a  humid  state  of  the  air  : 
1  hut  in  the  absence  of  actual  rain,  he  found  that  in  changeable  squally  weather, 

d  with  occasional  showers  of  snow,  hail,  or  rain,  the  electricity  was  very  ( 
i  variable,  both  as  to  its  quantity  and  quality,  being  sometimes  feeble  and  some- 
iraes  intense,  sometimes  positive  and  sometimes  negative. 
Contemporaneously  with  Beccaria  in  Italy,  Canton  prosecuted  inquiries  in 
J  many  respects  similar  in  England,  and  in  various  matters  of  minor  importance 
i  these  philosophers  arrived  at  the  same  results.     The  most  considerable  dis- 
}  cover}'  due  to  Canton  was,  that  the  electricity  developed  in  the  friction  of  the  J 
(  same  substance  is  not  always  of  the  same  kind.     It  will  be  remembered  that 
J  Dufaye  gave  the  names  vitreous  and  resinous  to  the  two  fluids,  on  the  supposi- 
tion that  each  was  invariably  produced  by  the  friction  of  the  classes  of  bodies  ( 
signified  by  these  terms.     Canton,  however,  showed  that  glass  itself  was  ca- 
)  pable  of  being  electrified  negatively,  and  would  be  always  so  electrified,  if  the 
j  rubber  used  were  the  fur  of  a  cat.     Canton  also  (as  well  as  Beccaria)  proved 

a  volume  of  air  in  a  quiescent  state  might  be  charged  with  electricity.    To  J 
j  Canton  is  also  due  the  discovery  of  the  virtue  of  the  amalgam  of  tin 

;ury,  still  used  with  so  much  effect  to  augment  the  development  of  electricity  j 
m  glass. 

The  progress  of  the  science  had  now  attained  a  point  at  which  the  great  i 
!  principle  of  induction  could  scarcely  fail  10  force  itself  upon  the  notice  of  those  ( 
I  engaged  in  electrical  researches.  A  natural  law  of  the  highest  order,  embra- 
i  cing  within  the  range  of  its  application  nearly  the  whole  domain  of  electrical  I 
)  phenomena,  its  discovery  and  development,  forma  an  epoch  in  the  history  of  j 
j  the  science,  scarcely  second  in  importance  even  to  thai  by  which  Franklin  j 
j  brought  meteorology  within  the  legislation  of  electricity.  How  much,  then,  J 
j  will  the  veneration  in  which  the  memory  of  the  philosopher  of  the  West  i 

■  Beccaria,  ElelUicianio  Artificiale.     Turin,  1753 :  p.  237. 
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J  held  be  increased,  if  it  can  be  demonstrated,  contrary  lo  what  has  been  gener- 
J  ally  mamtained  by  the  historians  of  tte  science,  that  to  him  is  justly  owing  the 
)  honor  of  the  discovery  of  this  pliysical  principle  ! 

)  Some  of  the  more  obvious  phenomena  of  induction  were  noticed  so  early  in 
i  the  progress  of  electrical  science  as  the  researches  of  Mr.  Grey ;  and  many 
)  other  effects  proceeding  from  it  presented  themselves  to  subsequent  experi- 
J  mental  inquiries,  but  attracted  no  attention,  and  led  to  no  consequences.  The 
?  first  series  of  fcxperiments,  conducted  so  as  to  develop  in  an  unequivocal  man- 
J  net  this  principle,  were  laid  before  the  Royal  Society  by  Canton,  on  the  6th 
?  of  December,  1753.*  They  consisted  chiefly  in  rendering  insulated  conduc- 
j  tors  electrical,  by  bringing  near  lo  one  end  an  excited  glass  tube,  or  stick  of 
?  wax,  and  exhibiting  the  varying  state  of  cork-balls  suspended  on  the  conductor 
)  by  the  alternate  approach  and  removal  of  the  excited  electric. 
)  These  experiments  having  been  communicated  to  Franklin,  he  pursued  the 
!  inquiry,  and  succeeded  in  expressing,  in  clear  and  unequivocal  terms,  the  prin- 
j  ciple  of  induction  ;  that  is  to  say,  in  demonstrating  that  a  body  charged  with 
J  either  kind  of  electricity  will,  on  approaching  a  conductor  in  its  natural  slate, 
(  render  that  part  of  such  conductor  which  is  nearest  to  it  electrical ;  that  its 
i  electricity  will  be  contrary  to  that  of  the  approaching  electriticd  body  ;  that  on 
j  removing  the  electrified  body,  the  conductor  would  be  restored  to  its  natural 

i  state  ;  all  which  effects  Franklin  showed  would  follow  from  his  theory,  by  as- 
suming that  the  electric  fluid  is  self-repulsive,  and  attracted  by  the  matter  of 
the  conductor. 
'  The  experiments  and  reasoning  which  appear  to  establish  Franklin's  right 
(  to  the  honor  of  this  discovery  are  so  concise,  that  they  may  be  stated  here 
{  nearly  in  his  own  words. 

i  Let  a  metallic  conductor,  about  five  feet  long  and  four  inches  in  diameter, 
i  be  suspended  by  dry  silk  lines,  so  as  to  be  insulated.  From  one  end  of  it  sus- 
j  pend  a  tassel  consisting  of  fifteen  or  twenty  threads  in  a  damp  state,  so  as  to 
j  give  them  a  conducting  power.  Present  an  electrified  glass  tube  within  five 
i  or  six  inches  of  the  opposite  end,  and  keep  it  in  that  position  for  a  few  sec- 
)  ends.  The  threads  of  the  tassel  will  diverge,  and  when  the  tube  is  withdr*vn 
j  they  will  collapse. 

j       While  the  tube  is  held  near  the  opposite  end  of  the  conductor  and  the 
(  threads  are  divergent,  present  the  finger  to  the  end  of  the  conductor  at  which 
j  the  tassel  is  suspended.     A  spark  will  be  received,  and  the  threads  of  the 
J  tassel  will  collapse. 
!       Let  the  lube  be  then  removed.     The  threads  of  the  tassel  will  again  di- 


l  and  s 


s  before.     The  threads  will  again  collapse 


)  presented  to  the  tassel.     The  divergence  of  the 
se,  and  continue  to  increase,  as  the  tube  is 


Finally,  let  the  tube  h> 
threads  will  immediately 
brought  nearer  to  the  tassel. 

These  phenomena  are  accounted  for  by  Franklin  in  the  following  manner : 
"  By  taking  the  spark  from  the  end  of  the  conductor,  you  rob  it  of  part  of  its 
natural  quantity  of  electrical  matter,  which  part  so  taken  away  is  not  supplied 
by  the  glass  tube,  and  the  conductor  remains  negatively  electrified.  On  with- 
drawing the  tube,  the  electric  matter  on  the  conductor  recovers  its  equilibrium, 
or  equal  diffusion ;  and  the  conductor  having  lost  some  of  its  natural  electricity, 
the  threads  connected  with  it  lose  part  of  theirs,  and  so  are  electrified  nega- 
tively, and  repel  each  other. 

■  Phil.  Trans,  vol.  ilvil 
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"  When  the  lube  is  again  presented  to  the  opposite  end  of  the  conductor,  the 
part  of  the  natural  electricity  which  the  threads  had  lost  is  again  restored  to 
them  by  the  repulsion  of  the  tube  forcing  the  electric  fluid  toward  them  from 
other  parts  of  the  conductor,  and  thus  restoring  them  to  their  natural  state. 
When  the  tube  is  once  more  withdrawn,  the  fluid  is  again  equally  diflused,  and 
the  threads,  as  before,  are  negatively  electrified. 

"  t'inally,  when  the  tube  is  presented  to  the  threads  already  diverging  with 
negative  electricity,  still  more  of  their  natural  electricity  is  repelled  by  the  ex- 
cited tube,  and  the  threads  are  more  strongly  negative  than  before,  and  their 
divergence  is  consequently  augmented." 

Pursuing  the  principle  thus  developed  still  further,  Franklin  now  having  re- 
stored the  conductor  to  its  natural  slate,  presented  the  excited  glass  tube  to  the 
tassel.     The  threads  immediately  diverged. 

Maintaining  the  tube  in  that  position  with  one  hand,  he  presented  the  finger 
of  the  other  to  the  tassel.  The  threads  receded  from  the  finger  as  if  repelled 
by  it 

This  was  explained  on  the  same  principle.  When  the  excited  tube  is  pre- 
sented to  the  tassel,  part  of  the  natural  electricity  of  the  threads  is  driven  out 
of  them  into  the  conductor,  and  they  are  negatively  electrified,  and  therefore 
repel  each  other.  When  the  finger  is  presented  to  the  tassel  (being  then  close 
to  the  glass  tube),  part  of  its  natural  electricity  is  driven  back  through  the 
hand  and  body,  and  the  finger  becomes,  as  well  as  the  threads,  negatively  elec- 
trified, and  so  repels,  and  is  repelled  by  them.  To  confirm  this,  hold  a  slender 
light  lock  of  cotton,  two  or  three  inches  long,  near  a  conductor  positively  elec- 
trified. You  will  see  the  cotton  stretch  itself  out  toward  the  conductor.  At- 
tempt to  touch  it  with  the  finger  of  the  other  hand,  and  it  will  be  repelled  by 
the  finger.  Approach  it  with  a  positively-charged  wire  of  a  bottle,  and  it  will 
fly  to  the  wire.  Bring  it  near  a  negatively-charged  wire  of  a  bottle,  it  will 
recede  from  that  wire  in  the  same  manner  that  it  did  from  the  finger,  which 
demonstrates  that  the  finger  was  negatively  electrified  aa  well  as  the  cotton.* 

The  great  principle  thus  thrown  before  the  scientific  world  by  Franklin,  was 
immediately  taken  up  and  pursued  through  its  consequences  by  Wilke  and 
jEpinus,  who  carried  on  their  researches  together  at  Berlin.  The  most  im- 
portant result  of  their  combined  labors  was  the  invention  of  the  instrument, 
which,  as  subsequently  improved  under  the  hands  of  Volta,  became  the  con- 
DENSEii  now  so  useful  in  electros copical  investigations. 

In  applying  the  principle  of  induction  to  the  phenomena  of  the  Leyden  jar, 
and  to  the  same  effects  as  exhibited  by  the  oppositely  electrified  surfaces  of  a 
coated  plate  of  glass,  these  philosophers  saw  that  the  negative  state  of  one  sur- 
face of  the  glass  was,  according  to  the  Franklinian  theory,  the  necessary  con- 
sequence of  the  positive  state  of  the  other.  This  contrary  state  of  the  elec- 
tricities could  only  be  maintained  on  the  supposition  that  glass  was  imperme- 
able by  the  electric  fluid ;  and  Wilke  and  jEpinus  reasoned,  that  to  whatever 
extent  air  or  any  other  body  might  be  similarly  impermeable,  to  the  same  ex- 
tent might  it  be  charged  on  its  opposite  surfaces.  To  realize  thia  conception 
with  a  plate  of  air,  they  coated  two  large  boards  of  equal  size  with  tin-foil,  and 
suspended  them  one  over  the  other,  leaving  a  space  of  about  an  inch  in  thick- 
ness between  them.  This  space  was,  in  fact,  a  plate  of  air,  of  which  the  up- 
per and  lower  surfaces  were  in  contact  with  the  metallic  coating  of  the  boards. 
The  lower  board  communicated  with  the  ground,  and  a  charge  of  positive 
electricily  was  given  to  the  upper  one.  The  lower  one  then  became  charged 
with  negative  electricity ;  and  when  a  person  touched  at  the  same  time  the 
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\  coating  of  the  two  boards,  the  equilibrium  was  re-established,  and  he  received  . 
J  the  shock  produced  by  the  passage  of  the  electric  fluid  from  the  one  to  the  other. 

Many  curious  experiments  were  exhibited  with  this  apparatus.  They  found  ! 
J  that  the  two  boards,  when  electrified,  strongly  attracted  each  other,  and  would  |. 
j  have  rushed  together  if  ihey  had  not  been  prevented  by  the  strings.  Some- 
}  times,  when  the  charge  was  strong,  the  intervening  plale  of  air  was  not  suf- 
J  (iciently  impermeable  to  resist  the  mutual  attraction  of  the  opposite  electricities, 
{  and  a  spontaneous  discharge  would  lake  place  through  it.  They  considered  | 
j  these  two  plate  to  represent  the  state  of  the  clouds  and  the  earth  during  a  , 
J  thunder-Eton      the  clou  Is  be  ng  always  charged  with  one  kind  of  electricity,  ' 

ind  the  parth  w  h  1  o  o  h  r  while  the  body  of  atmosphere  between  them  n 
i  analogous  to  he  s  a  u  of  air  between  the  two  boards.  When  the  charges  | 
j  of  the  earth  a  i  clouds  become  so  strong  that  the  air  can  no  longer  resist  the  ■ 
J  passage  of  tl  e  elec  r  c  flu  d  through  it,  a  spontaneous  discharge  ensues, 
t  fluid  is  seen  ts  passage  by  the  light  it  evolves,  and  the  violent  displacen 
}  of  the  air  produced  in  its  passage  causes  the  thunder. 

From  these  experiments,  jEpinus  inferred  that  the  phenomena  of  the  Leyden  < 

ar  was  not  owing,  as  Franklin  supposed,  to  any  peculiar  attraction  of  the  | 

j  glass  for  the  electric  fluid ;  for,  since  a  plate  of  air  might  be  charged  as  well  i 

a  plate  of  glass,  that  property  must  be  common  to  them,  and  was  not  pecii 
J  liar  to  the  glass.  He  inferred,  therefore,  that  this  impermeability  was  a  prop- 
4  erty  of  all  non-conductors  ;  and,  since  they  can  all  receive  electricity  to  a  cer- 
st  consist  in  the  difficulty  and  slowness  with  which  the  elec- 
I  their  pores,  whereas,  in  perfect  conductors,  it  meets  w 
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8  brought  to  the  investigation  of  the  Franklinian  theory  of  electricity  [ 
j  those  mathematical  attainments  in  which  its  illustrious  founder  was  deficient.  | 
J  The  manner  in  which  that  theory  had  been  assailed  by  its  opponents,  and  de-  , 
d  by  its  partisans,  was  such  as  might  have  allowed  interminable  contro-  | 
)  versy.     jEpinus  first  reduced  its  principles  to  exact  mathematical  statement,  | 
(  with  a  view  to  ascertain  whether  the  consequences  deducible  from  them,  by  ■, 
j  rigorous  calculation,  should  be  in  accordance  with  the  observed  phenomf 
(  not  only  in  their  genera!  character,  but  in  their  numerical  quantity.     He 
J  sunied,  according  to  Franklin's  hypothesis,  that  the  molecules  of  the  electric 
5  fluid  were  self-repulsive,  and  that  they  were  attracted  by  those  of  the  bodie 
Q  which  they  were  diffused.     He  found,  however,  that  the  phenomena  could  , 
ot  be  explained  on  these  suppositions,  unless  it  were  also  assumed  that  be 
veen  the  matter  composing  the  masses  of  different  bodies  there  existed  a  mu 
!  tually  repulsive  force,  acting  at  sensible  distances.     At  first  he  recoiled  from  a 
J  assumption  in  direct  opposition  to  the  known  properties  of  matter ;  but  the  ne 
!  cessity  of  its  admission,  in  order  to  give  consistency  and  validity  to  the  Frank- 
>  linian  theory,  appears  at  length  to  have  reconciled  him  to  it. 
!       The  investigation  of  the  physical  relation  between  the  principle  of  heat  and  |i 
)  that  of  electricity,  had  attracted  the  attention  of  experimental  philosophers  at  a  / 
!  very  early  period  in  the  history  of  electrical  research.     Beccaria  suspected  |i 
j  that  heat  might  itself  he  an  immediate  means  for  the  development  of  electricity,  < 
i  and  made  some  experiments  to  illustrate  this.     He  soon,  however,  relinquished  | 
}  the  inquiry,  concluding  that,  in  cases  where  the  appearance  of  electricity  fol- 
5  lowed  the  application  of  heat,  the  efiect  was  due  to  evaporation,  or  other  | 
S  physical  agents,  which  ensued.     Priestley  observed  that  heat  had  some  relat 

o  the  conducting  power  of  bodies,  since,  by  the  elevation  of  temperature,  that  \ 
\  quality  was  improved. 
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;       A  mineral  substance,  brought  from  the  east  by  ihe  Dutch  navigators,  called  J 

by  the  natives  of  Ceylon,  where   chiefly  it  was  found,  Tournamal,  and   si 
;  known    as    Tourmaline,   exhibited,  under    certain    circumstances,   a   property  } 
similar  K>  that  of  amber,  and  other  electrics.     But  the  power  was  excited  in  it  . 
by  mere  elevation  of  temperature.    Lemery,  ihe  Due  de  Noia,  Wilson,  Priestley,  ; 
and  others,  made  experiments  on  this  mineral,  and  published  results,  in  which  ■ 
there  were  much  discordance  and  contradiction.     jEpiiius  first  showed  that  the  \ 
attraction  and  repulsion  exerted  by  this  gem  when  exposed  to  heat  were  owing 
to   the   development   of  electricity  upon  it ;  and  that,  when  so  excited,  its  op- 
posite sides  or  ends  had  contrary  kinds  of  electricity,  one  being  always  nega- 
,  tive  and  the  other  positive.     This  was  the  first  case  of  the  distinct  exhibition  i 
of  electrical  polarity.     Canton  observed  that  the  development  of  the  electric  j 
fluid  upon  it  was  produced  only  by  change  of  temperature,  and  that  whenevei 
the  gem  was  broken  each  fragment  exhibited  the  same  electrical  polarity. 

At  this  period  eff"ecis  were  observed,  which,  if  chemical  science  had  attained  i 

a  sufficiently  advanced  state,  could  not  fail   to  have   led   to  the  discovery  of 

(  electro-chemistry.     ISeccaria,  by  the  electric  spark,  decomposed  the  sulphure 

J  of  mercury,  and  recovered  the  metals,  in  some  instances,  from  their  oxides.' 

(  Watson  found  that  an  electric  discbarge  passing  through  fine  wire  rendered  i 

incandescent,  and  that  it  was  even  fused  and  burned.     Canton,  repeating  these  < 
i  experiments  with  brass  wire,  found  that,  after  the  fusion  by  electricity,  drops  ) 
i  of  copper  only  were  found,  the  zinc  having  apparently  evaporated.     Becc    ' 
I  observed  that  when  the  electric  spark  was  transmitted  through  water,  bubbles  \ 
J  of  gas  rose  from  the  liquid,  the  nature  or  origin  of  which  he  was  unable  to  de- 
nine.     Had  he  suspected  that  water  was  not  what  it  was  then  supposed  to 
a   simple   elementary  substance,  the   discovery  of   its   composition   could  { 
i  scarcely  have  eluded  his  sagacity. 

^  After  general  laws  have  once  been  developed,  and  their  application  to  par- 
(  ticular  phenomena  has  become  familiar,  it  appears  wonderful  that  even  quick- 
j  sighted  and  acute  observers  should  have  had  such  effects  continually  repro- 
j  duced  under  their  eyes,  without  even  making  an  approach  to  the  discovery  of  \ 
r  causes.     Frauklin  found  thai  the  frequent  application  of  the  electric  spark  ] 
5  had  eaten  away  iron  -  on  which  Priestley  observed,  that  it  must  be  the  effect  ) 
f  d       d      g         d  the  inquiry,  whether  electricity  might  not  probably  < 

d!        g     hi   bl  Priestley  also  observed  that  in  transmitting  electricity  j 

n        1  PP       Ii  black  dust  was  left  on  the  paper  which  supported  J 

"■       'ti  1      p  here  the  links  touched  it ;  and,  on  examining  this  \ 

d       h    f      d  copper.  ) 

^         y  f        h      nvention  of  the  Leyden  jar,  when  the  necessily  of  j 

■n       ffi  d  f  the  presence  of  electricity,  and  some  visible  meas- 

1        P  b  pparent,  the  invention  of  electrometers  engaged  the 

f    1  After  several  abortive  attempts  on  the  part  of  others, 

\  '^^^   T^  "      ^    P      ^  ^^^  ^^'"P'^  expedient  of  suspending  two  threads, 
n    h      1         I       ifi  d      ould  separate  by  their  mutual  repulsion.     Cavallo  J 
1  d  mp        dp       his,  by  substituting  two  pith  balls,  suspended  in  c 

by  fi      m    all     w       —an  apparatus  still  used.     After  this,  various  forms  J 
*    1  p      m       m      s  were  suggested  and  constructed  by  Volta,  Saus-  \ 

d     h  11  d  p     ding  on  the  principle  that  the  intensity  of  the  elec-  J 

fl    •!  f       <■  by  the  force  of  its  attraction  or  repulsion  exerted  upon 

I    h       b  to  wh    h      was  imparted. 

Th    p        pi      t      d       on  applied  to  the  air-condenser  by  Wilke  and  .^pi- 
k       p  l>  \   ]    ,  and  applied,  first,  to  the  construction  of  the  elec- 
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and  subsequently  to  the  common   cokdexser,  which,  combined  j 
1  with  the  electroscope,  became  in  electricity  an  insttucnent  of  invesligatior 
>  analogous  in  its  character  and  importance  to  the  compound  microscope  in  optics 
I       The  manner  in  which  the  electrified  fluid  is  distributed  upon  insulated  elec- 
i  trified  conductors  nest  became  the  subject  of  inquiry,     Beccaria  showed  that  S 
s  distribution  is  superficial,  and  that  the  interual  pans  of  (he  electrified  body  J 
re  in  their  natural  state.     It  was  shown  that,  whether  the  electrified  conduc- 
>r  were  hollow  or  solid,  the  electricity  contained  on  it  was  the  same      Le-  i 
lonnierfiratsshowed  that  die  form  of  the  conductor  had  an  nflu  n  eoa  he  quan    [ 
\  tity  and  the  distribution  of  the  fluids. 

In  1778  Volta  published  a  memoir  on  (his  subject,  in  whi  h  he  p  o  d  ha  ; 
»f  two  cylinders  of  equal  superficial  dimensions,  that  wh  h  had  he  g  ea  e 
J  length  would  receive,  ceteris  paribus,  the  stronger  cha  ge  and  nf  ed  1  a 
(  great  advantage  would  arise  from  the  substitution  of  a  s)s  m  of  small  cyl  n 
)  ders  for  the  large  conductors  of  electrical  machines.  Ahou  he  sane  pe  od  ' 
i  he  showed  how  inflammable  gases  could  be  ignited  in  tlo  e  glass  e  e  e  a  bj 
(  the  electric  Spark,  the  apparatus  for  which  purpose  soon  g  ew   n  o  1  d  om 

',  for  the  analysis  of  gases.     Soon  after  this,  the  san  e  appa  a         uppl  ec 
means  of  inflaming  a  mixture  of  oxygen  and  hydrogen  gas,  which  led  it 
j  the  discovery  of  the  composition  of  water. 

In  the  year  1759  appeared,  in  the  "  Philosophical  Transactions,"  a  series  o 

,)aper5  by  Mr.  Robert  Syramer,  which  are  entitled  to  be  recorded  in  the  histo 

j  ry  of  electricity ;  not  Bo  much  on  account  of  what  they  describe,  as  for  the  , 

!  theoretical  views  developed  in  them.     The  experiments  of  Syramer  consisted  i, 

I  chiefly  in  exhibiting,  by  striking  examples,  the  effect  of  the  mutual  attraction  ' 

j  of  bodies  electrified  by  opposite  kinds  of  electricity.     These  results  led  him  i 

j  to  doubt  the  suiHciency  of  the  Franklinian  theory,  then  and  long  afterward  u 

i  versally  received,  to  explain  satisfactorily  the  phenomena ;  and  he  was  led 

!  consider  whether  the  hypothesis  of  Dufaye  might  not  be  so  modified  as  to  t 

}  plain  them  more  adequately.     Dufaye,  as  has  been  already  stat«d,  assumed  I 

■  existence  of  two  independent  electric  fluids,  which  he  supposed  lo  be  latent  ! 

in  two  distinct  classes  of  bodies,  the  one  in  bodies  of  a  vitreous,  and  the  other  | 

in  bodies  of  a  resinous  nature ;  and  that  these  fluids,  while  they  were  each  , 

self-repulsive,  were  mutually  attractive  of  each  other. 

It  was  obvious  thai  snch  an  hypothesis  was  quite  inconsistent  with  the  known  , 
phenomena  of  electricity,  even  limited  as  they  were  in  variety  at  the  period  | 
^  now  referred  to.     Symmer  retained  the  supposition  of  Dufaye  so  far  as  rej 
med  existence  of  two  distinct  fluids  mutually  atlractiBe,  but  he  n 
i  tained  that  these  fluids  were  not  independent  of  each  other.     On  the  contrary, 
)  he  assumed  that  they  were  always  co-existent  in  bodies  not  electrified ;  that, 
5  by  their  natural  attraction,  they  held  each  other  in  subjection  ;  that  every  body  ) 
■  8  natural  state  contained  equal  quantities  of  these  fluids,  each  molecule  of  J 
vitreous  fluid  being  combined  with  a  molecule  of  the  resinous  fluid,  the  \ 
S  compound  molecule  thus  formed  exciting  neither  attraction  nor  repulsion  on  the 
J  other  parts  of  the  natural  fluid. 

This  theory  of  two  fluids  was  left  by  its  author  unsupported  by  any  exten 
5  sive  application  to  the  phenomeaa  which  could  be  expected  to  shake  the  con 
i  fidence  then  generally  given  to  the  hypothesis  of  Franklin  ;  and  although  it  is 
}  noticed  at  some  length  in  his  history  of  electricity  by  Dr.  Priestley,  it  obtained  ) 

o  countenance  or  support  until  further  advances  in  electrical  experiments  ren- 
{  dered  apparent  the  defects  of  the  theory  of  a  single  fluid.  It  may  he  here  ob- 
)  served,  that  the  French  writers  generally  ascribe  the  theory  of  two  fluids  to  } 
j  Dufaye,  and  are  silent  as  to  Symmer's  share  in  it ;  with  what  justice  wi 
(  apparent  from  what  has  been  above  slated. 
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In  the  year  1770,  Dr.  Priestley  published  his  works  on  electricity.     This  \ 
philosopher  did  not  contribute  materially  to  the  advancement  of  the  science  by  > 
the  development  of  any  new  facts  ;  but  in  his  History  of  Electricity  he  collected  < 
and  axranged  much  useful  information  respecting  the  progress  of  the  science.  J 
At  this  period  the  Honorable  Henry  Cavendish,  whose  name  has  been  disiin-  \ 
guished  in  other  departments  of  physics,  engaged  in  some  original  investiga- 
tions respecting  electricity.     The  discovery  of  the  composition  of  water,  by  i 
transmitting  an  electric  spark  through  a  mixture  of  oxygen  and  hydrogen  gases, 
has  been  generally  ascribed  to  him.*     Cavendish  conceived  the  notion  of  re- 
ducing  the  phenomena  of  electricity  to  mathematical  analysis,  and  had  pro-  ' 
ceeded  with  a  memoir  on  that  subject,  which  was  completed  before  he  learned  I 
that  jEpmus  had  produced  a  work  with  the  same  object.     On  comparing  his  ) 
own  paper  with  the  Tentamen  of  ^pinus,  he  found  that  they  were  nearly  si    ' 
lar.     Nevertheless,  Cavendish  published  his  memoir. 

The  year  1785  formed  an  important  epoch  in  the  history  of  electrical 
ence,  marking,  as  it  did,  the  commencement  of  those  labors  by  which  Coulomb  5 
laid  the  foundations  of  electro-statics.     This  great  experimental  philoso-  J 
pher  was  the  first  who  really  brought  the  phenomena  of  electricity  within  ? 
the  reach  of  numerical  calculation,  and  thereby  prepared  the  way  for  his  fol- 
lowers  in  the  same  field  to  reduce  this  most  subtle  of  all  physical  agents  to  the 
rigorous  sway  of  mathematics.     It  is  to  Coulomb  we  owe  it  that  statical  elec- 
tricity is  now  a  branch  of  mathematical  physics. 

The  immediate  instrument  by  which  this  vast  object  nas  %ltained  wa"!  the 
balance  of  torsion,  which  he  had  already  used  with  signal  luccessin  other  deh    ] 
cate  physical  inquiries.     This  apparatus,  which  wiil  be  fulh  explained  m  the  ■ 
following  pages,  consisted  of  a  needle  suspended  in  a  horizontal  position  b\  < 
exceedingly  fine  wire  or  filament  of  silk  attached  to  its  centre  ot  grd\ily      Th„ 
attraction,  or  other  force  of  which  the  intensity  is  to  be  measured  is  made  to  J 
act  on  one  end  of  this  needle,  so  as  to  twist  the  filament  by  which  it  i 
pended ;  and  it  is  resisted  in  its  effort  to  effect  this  by  iho  reaction  pi«i,eedmg  \ 
from  the  torsion  so  produced.     This  reaction,  and  therefore  the  lorce  which  J 
produces  it,  and  is  in  equilibrium  with  it,  was  proved  bj  Coulomb  to  le  pro 
portionale  to  the  angle  described  by  the  needle  round  its  centre  of  motion 
Such  was  the  sensibility  of  this  exquisite  instrument  ihat  it  w^s  fiund  lo  be 
perceptibly  affected  by  a  force  not  exceeding  the  twenty  millionth  part  of  a 

With  this  instrument  Coulomb  measured  the  force  with  which  electrified  \ 
bodies  attract  and  repel  each  other ;  and  the  first  result  of  this  investigation  [ 
was  the  discovery,  that  the  law  of  this  attraction  and  repulsion  w       ' 

which  Newton  showed  to  prevail  among  the  great  bodies  of  the  u ...  . 

fact,  he  showed  that  two  bodies,  oppositely  electrified   attract  each  other  with  i 
a  force  which,  cmteris  puribus,  is  the  same  at  equal  di-stances   and  which  aug 
ments  in  the  same  proportion  as  that  in  which  the  square  of  the  distance  is  di 
mmished.     Also  if  two  bodies  be  similarly  electrified  they  will  repel  t^ch  \ 
other  by  a  force  which  increases  according  to  the  same  proportion  when  the  J 
distance  between  them  is  diminished.  j 

By  attaching  a  very  small  circular  disk  of  paper  coated  with  metallic  toil  ti  i 
an  insulating  handle.  Coulomb  found  that  by  touching  with  the  face  of  the  d  -^V  \ 
an  electrified  surface,  and  then  submitting  the  disk  itself  thus  electnlied  bv  J 
contact  to  the  lest  of  the  balance  of  torsion,  he  could  determine  the  depth  of  \ 
the  electric  fluid  on  the  surface  touched  by  the  disk.  In  this,  manner  «  ' 
enabled  to  gauge  or  sound  the  electricity  on  the  surface  of  bodies,  so  as  to 

__*  Thb  claim  has  been  receolly  called  in  qnestion.— See  Lardner  on  tho  Slcam-Enubp.    f 
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crically  its  depth  on  different  bodies,  or  on  different  parts  of  the  s: 

With  this  instrument  he  measured  the  proportion  in  which  electricity  waB  ) 
shared  between  insulated  conductors  when  brought  into  contact,  and  also  the  J 
law  according  to  which  its  depth  varied  on  different  parts  of  the  same  insulated  \ 
conductor.  These  results  acquired,  at  a  later  period,  still  greater  importance,  J 
8upp!>^ng,  as  they  did,  tests  by  which  the  mathematical  analysis  of  the  science  I 
could  be  tried.  < 

The  same  apparatus  supplied  the  means  of  investigating  the  law  according  to  / 
which  an  insulated  electrified  conductor  had  its  charge  gradually  diminished  by  i 
dissipation  in  the  surrounding  air,  and  by  the  escape  of  the  fluid  by  the  imper-  / 
feet  insulation  of  the  supports.  < 

The  results  of  the  observations  of  Coulomb  on  the  distribution  of  the  elec-  i 
trie  fluid  on  the  siu:faces  of  conductors  illustrated  satisfactorily  the  doctrine  of  J 
points,  which  formed  so  prominent  a  part  of  Franklin's  researches.  The  the-  t 
oretical  solution  of  this  problem  was  not,  however,  effected  till  a  later  period.     J 

The  demonstration  of  the  identity  of  lightning  and  electricity  naturally  di-  t 
rected  the  attention  of  philosophers  to  the  solution  of  other  meteorological  phe-  S 
nomena  by  means  of  the  same  agency.  The  explanation  of  the  aurora  borealis  \ 
had  long  exercised  the  sagacity  and  baffled  the  attempts  of  those  devoted  to  i 
physical  researches.  Some  ascribed  this  appearance  lo  solar  light  refracted  ( 
in  the  higher  regions  of  the  air,  others  assigned  it  to  the  agency  of  the  mag-  S 
netic  fluid.  Euler  imagined  it  to  proceed  from  the  same  ether  which  formed  \ 
the  tails  of  comets  ;  iVTairan  conceived  it  to  arise  from  the  mixture  of  the  at-  ) 
mosphere  of  the  sun  with  that  of  the  earth ;  but  when  the  properties  of  elec-  ? 
trie  light  became  known,  and  when  its  appearance  in  rarefied  air  had  been  ob-  J 
served,  all  these  hypotheses  were  by  common  consent  abandoned,  and  no  J 
doubt  was  entertained  that,  whatever  might  be  the  details  of  the  natural  process  J 
by  which  it  was  produced,  the  aurora  borealis  was  an  effect  of  atmospheric  ( 
electricity.  Eberhart,  professor  at  Halle,  and  Paul  Frisi  at  Pisa,  were  the  first  ! 
who  proposed  an  explanation  of  it,  founded  on  the  following  facts  :  "  ] .  Elec-  j 
tricity  transmitted  through  rarefied  air  exhibits  a  luminous  appearance,  precise-  > 
ly  similar  to  that  of  the  aurora  borealis." — "  2.  The  strata  of  atmospheric  air  ? 
become  rarefied  as  their  altitude  above  the  surface  of  the  earth  is  increased."  S 
Hence  they  argued  that  the  aurora  is  nothing  more  than  electrical  discharges  J 
transmitted  through  parts  of  the  upper  regions  of  the  atmosphere,  so  rarefied  > 
as  to  produce  that  peculiar  luminous  appearance  which  they  exhibit.  This  ( 
theory,  which  was  embraced  and  improved  in  its  details  by  Canton,  Beccaria,  ) 
Wilke,  Franklin,  and  other  contemporary  electricians,  has  received  further  J 
countenance  from  more  recent  researches.  J 

Attempts  were  also  made  to  explain  on  electrical  principles  other  meteorolo-  J 
gical  effects;  such  as  waterspouts,  whirlwinds,  rain,  fogs,  hail,  &c.,  but  no  ) 
satisfactory  conclusions  resulted  from  these  investigations,  and  the  discussion  t 
of  such  phenomena  forms  a  part  of  the  meteorological  inquiry  of  the  present  j 
time.  \ 

While  the  series  of  experimental  researches  which  have  just  been  related  > 
were  in  progress,  many  attempts  were  made  to  trace  electricity  in  the  phenom-  \ 
ena  of  vegetable  and  animal  life,  and  more  especially  to  apply  it  as  a  medical  ) 
agent  in  cases  of  organic  disease  in  the  animal  system.  None  of  these  at-  ( 
tempts,  however,  led  to  any  consequences  sufficiently  important  to  entitle  them  ) 
to  attention  in  this  brief  sketch.  J 

After  electroscopes  had  been  much  improved,  and  in  their  application  to  at-  5 
mospheric  electricity  had  derived  great  power  from  the  addition  of  a  long  J 
pointed  conductor,  extending  from  the  diverging  balls  to  a  height  of  several  ) 
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r,  liettet  still,  on  elevated  s 


hi  d    f  h  d      ing  rod.     In  addition  ti 

h       pp        tly  g        d  unusual  expedient.    Hi 

d        p  this  conductor  to  termi 

d  d    1        hi!  cted  lo  the  point  of  the  J 

m  m    h    1  y  as  would  be  cc" 

pi       d  by  h       ff         f   he  vertical  current  of  air  ', 
d  di       ly  hi  h  established  a  belter  com-  ^ 

n     Ih  d  d  h       rata  of  air  above  it. 

gu  d   h     since  fires  robbed  the  at-  ' 

d  efiectually  than  metallic 

g  or  to  mitigate  their  force, 

n       h  the  middle  of  extensive 

,     If  the  effects  of  the  lamp  on  the 
atmospheric  electrometer  were  admitted,  there  would  be  nothing  unreasonable 
in  the  supposilion  that  large  fires  may,  in  a  short  interval  of  time,  rob  immense 
\  volumes  of  air  and  vapor  of  their  electricity. 

Volta  wished  to  submit  this  theory  to  an  experiment  on  a  large  scale,  but 
vas  not  able  to  carry  the  design  into  effect.  M.  Arago  suggested,  that  by  ma- 
J  king  suitable  meteorological  observations  in  those  parts  of  Staffordshire  and 
J  other  Englisb  counties  which  abound  in  vast  iron  furnaces,  where  fires  of  ex- 
j  traordinary  magnitude  are  maintained  night  and  day,  and  comparing  tile  results 
!  with  similar  observations  made  in  adjoining  agricultural  districts,  the  conjec- 
)  tute  of  Volta  might  be  tested,* 

Observations  of  this  kind  have  accordingly  been  recently  made  both  in  Eng- 
5  land  and  in  certain  parts  of  Italy,  the  results  of  which  will  be  explained  at  the 
S  proper  place  in  this  volume. 

It  has  been  already  stated,  that  direct  observations  proved  that  the  atrao- 
\  sphere,  in  its  ordinary  condition,  is  always  charged  with  positive  electricity. 
5  The  beginning  of  the  year  1780  was  signalized  by  a  capital  experiraenl,  by 
)  which  it  was  proved  that  the  source  whence  this  vast  amount  of  the  electric 
;  fluid  was  derived,  or,  to  speak  more  corteclly,  the  cause  of  the  disturbance  of 
)  the  general  equilibrium  of  the  globe,  which  gives  a  surplus  of  the  positive  fluid 
■     air,  and  leaves  the  earth  surcharged  with  negative  fluid,  and  which,  in  its 

ii  assumes  all  the  terrific  forms  of  the  tempest  and  the  hurricane,  and 

J  probably  of  many  other  violent  convulsions  which  are  occasionally  exhibited  in 
r  of  the  elements,  is  to  be  found  in  the  process  of  natural  evaporation, 
5  which  continually  maintains  its  silent  and  imperceptible  progress  upon  the  sur- 
\  faces  of  ocean,  lake,  and  river,  and  even  upon  those  of  organized  bodies.  That 
'  heat  passes  off  in  a  latent  form  by  such  means,  and  equalizes  and  moderates 
\  Ihe  general  temperature  around  us,  was  well  known ;  but  it  was  not  suspected 
}  that  the  elements  of  the  storm,  the  coruscations  of  meteoric  light,  and  lie  splen- 
(  dors  of  he  aurora,  were  due  to  the  same  cause. 

}  Volta  states,  that  in  the  year  1778  this  idea  occurred  to  him,  and  that  he 
(  conceived  the  notion  of  an  experiment  by  which  it  might  be  brought  to  an  im- 
j  mediate  trial.  Let  a  metallic  dish  filled  with  water  be  placed  on  an  insulating 
S  support,  and  exposed  in  the  open  air  until  it  evaporates,  the  dish  being  main- 
l  tained  in  communication  with  a  sufficiently  sensible  condensing  electroscope. 
I  If,  in  evaporating,  the  positive  fluid  be  carried  off,  the  dish  will,  after  the  evap- 
l  oration,  be  negatively  electrical,  and  the  electroscope  will  show  it ;  if  not,  the 
j  electroscope  will  give  no  sign.  Various  circumstances  prevented  Volta  from 
I  trying  this  experiment  until  the  month  of  March,  1780,  wlien,  being 

<  *  Eloge  de  Volia,  p.  18. 
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e  succeeded,  in  company  with  some   members  of  the  Academy  of  Sciences.  J 
'here  appeals,  nevertheless,  to  remain  some  doubt  as  to  the  share  which  5 
j  Voha  really  had  in  ihis  famous  experiment,  since,  in  the  account  of  it  pub-  J 
)  lished  by  Lavoisier  and  Laplace,  it  is  related  as  performed  by  them,  and  Volta  5 
s  mentioned  incidentally  as  being  present  on  the  occasion." 
Afler  the  phenomena  of  electricity  had,  by  the  labors  of  Coulomb,  been  re 
\  duced  to  exact  numerical  estimation,  this  branch  of  physics  was  in  a  state  V 
!  permit  its  being  brought  within  the  pale  of  mixed  mathematics.     To  accom 
(  plish  this  it  was  necessary  to  express,  by  mathematical  formulas,  the  intensity  J 
J  of  tlie  electric  fluid  on  different  parts  of  insulated  conductors  of  given  forms,  j 
(  placed  either  separately,  or  in  such  a  position  as  to  exercise  an  electrical  ii 
i  fluence  upon  each  other  without  contact,  or,  finally,  when  placed  in  actual  coi 
j  tact.     To  establish  such  formuli,  it  was  necessary  to  assume  some  definite  J 
i  hypothesis  as  the  law  of  electrical  action.     The  Franklinian  theory  of  a  single  . 
(  flu  d  app  ared  to  be  incapable  of  affording  the  means  of  explaining,  with  numer-  ' 
"  p        ion,  the  state  of  such  bodies.     It  is  true  that  this  long-received  hy- 
vas  sufGcient  to  account,  in  a  general  way,  for  the  electrical  state  of 
u  der  the  ordinary  ciicunisiances  of  their  mutual  action ;  but  when  rig- 
numerical  accuracy  was  demanded — when  not  merely  the  general  cir- 
J        s  of  the  dense  accumulation  of  electricity  in  one  part  of  the  surface,  , 
n        feeble  intensity  at  another,  its  total  abstinence  from  a  third  place, 
1    p    sence  of  negative  electricity  on  a  certain  side  of  a  conductor,  and  pos- 
■  on  another,  were  severally  demanded ;  but  when  it  was  required  J 
\t  exact  numerical  measure  of  the  depth  of  the  fluid  at  each  parlicu-  , 
a  given  insulated  conductor,  placed  under  given  conditions  with  ref-  ' 
Others,  so  that  such  numerical  measure,  so  obtained  by  calculation,  , 
h  h      ompared  with  the  actual  depth  observed  by  the  instruments  invented  ( 
ppl    d  by  Coulomb,  then  ihis   theory  appeared  to  fail ;   at  least,  none 
d  ocales  produced  any  such  calculations.     Laplace  investigated,  on 
li  n  atical  principles,  the  distribution  of  electricity  on  ellipsoids  of  revolu- 
as     ning,  as  the  basis  of  his  reasoning,  the  hypothesis  of  two  fluids.    Biot 
igated  the  same  problem  applied  to  spheroids  of  small  eccentricity ;  > 
<  but  the  general  subjugation  of  this  portion  of  electrical  science  to  mathematical  < 
;  analysis  is  due  to  Foissou.  > 

This  illustrious  analyst  took  as  the  basis  of  his  investigations  the  theory  of  J 
!  two  fluids  proposed  by  Symmer  and  Dufaye,  with  such  modifications  and  addi- 
tions as  were  sugg       dbyh  h        ILlbH        gddh 
(  mutual  attractions       dpi               hbdbylnfidbd  1 
forces  exercised  byhbdb             Ihl            hi           fid 
with  which  they  are    t     g  d      Tl      1           f                        dpi          d      1    i 
I  oped  by  Coulomb  ahf              mdh          fhl           fldTh 
}  panicles  of  each  of  1        fid                      d          plhh           hf 
(  varying  according  t     h     1  w      h  1     h    p        1       f       h  flmd               h         f 
5  the  contrary  fluid  by     f         g      m  d  by    1                1           Tl               d 
J  are  sufficient  to  supply  h          h             If   mulse                ry        hi 
)  nation  of  the  depth      dqlyfhl           fld                 p        fh         f 
J  of  a  body  of  given  fig       pi      d       d          y  g           1            Id               Th 
'  electric  fluids  of  eith     kdwldbjrt        fh           Ifp            PP 
.  escape  from  the  surf         fhbdy          hhhy            bh         p             J 
)  by  the  pressure  ofthurd                 hh               h            Ip 
J  long  as  their  expansive  force  is  less  than  that  pressure.     On  bodies  ol  elonga- 
)  ted  forms,  or  those  which  have  edges,  corners,  or  points,  it  is  shown,  as  a  con- 
(  sequence  of  this  theory,  that  the  electric  fluid  accumulates  in  greater  deptlis 
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about  the  ends,  edges,  corners,  or  points,  than  in  other  places      I 
force  ai  such  parts  ia  therefore  greater  than  elsewhere,  and  will 
atmospheric  pressure,  and  escape  when  at  other  parts  of  the  surfuo  it 
retained. 

This  theory  will  be  explained  in  the  pre-sent  woik,  as  lir  as  its  dei  elopmei 
is  consistent  with  the  object  of  this  lolume  It  will  not,  therefore,  be  "<"" 
ful  10  enlarge  upon  it  further  in  this  place  It  may,  however,  be  asked 
is  seeing  that  the  theory  of  two  fluida  is  sufRcient  for  the  explanation  of  ail 
Ih'e  phenomena  to  which  it  has  jet  been  applied,  and  that,  on  the  other  hand, 
the  theory  of  a  single  flnid  fails  to  afford  any  satisl-ictory  or  accurate  expla-'i- 
tion  of  so  many  phenomena,  the  latter  theory,  nevertheless,  still  has  loUow 
and  that  even  among  electricians,  whose  opinions  cannot  be  regarded  other- 
wise than  with  sentiments  of  respect,  it  is  still  clung  to  as  the  hypodiesia  '-''' 
entitled  to  reception  and  confidence  ?  It  is  not  easy  to  assign  any  sufficient 
'.  son  for  this,  unless  one  can  he  found  in  the  profound  and  abstruse  nature  of  the 
mathematical  principles  by  the  aid  of  which  alone  the  effects  are  capable  of  be- 
ing expressed.  When  it  is  remembered  that,  until  very  recently,  electricity  was. 
regarded  as  exclusively  a  part  of  experimental  physics ;  that  researches  in  it 
were  chiefly  carried  on  by  persons  engaged  in  chemical  investigations  ;  that, 
from  the  nature  of  their  studies  and  pursuits,  such  persons  rarely  cultivated 
even  the  elements  of  mathematics,  and  almost  never  pursued  analytical  science 
into  those  more  profound  parts  which  are  now  indispensable  for  the  solution  of 
the  class  of  problems  which  electricity  has  presented— it  cannot  be  matter  of 
much  surprise  that  reasoning  which  is  incapable  of  being  eipressed  save  by 
symbols  of  which  the  force  and  import  must  be  unintelligible  to  the  great  mass 
of  such  persons,  should  fail  to  carry  conviction  to  their  understanding.  To 
arrive  at  such  conviction,  they  must  either  commence  their  education  anew,  or 
be  content  to  receive  those  new  doctrines  on  their  faith  in  the  assurance  of 
those  who  are  capable  of  investigating  them.  Either  side  of  such  an  alterna- 
tive is  never  very  willingly  embraced.  -  .  - 
Having  now  followed  the  progress  of  discovery  in  this  part  of  electrical  sci- 
ence to  that  point  at  which  all  subsequent  researches  must  be  regarded  as  the 
labor  of  our  contemporaries,  the  province  of  the  historian  ceases.  Whatever 
has  been  effected  more  recently  will  properly  form  a  part  of  the  subject  matter 
of  the  volume  here  presentedjo  the  reader,  of  which  it  is  hoped  that  a  brief 
exposition  and  analysis  of  the  researches  of  contemporary  philosophers  will 
form  not  the  least  interesting  and  useful  portion. 
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ClaB^ficotioa  of  the  PlanetB,— Mercnry.— Tranail  over  the  San.— RelatJTe  foalion  with  regard  to  i 
the  San.— DifBoully  of  observing  it,— Vcnna.—Dinmal  Motion  of  Venoa  Bnd  Mereniy  indie 
hy  the  Shadows  of  Monntains.— Direction  of  the  Axis  of  Rotation— Seaaons,  Climates, 
Zones.— OrhitB  and  Transits  of  Mercury  and  Venn s.— Mountains  on  Metcary  and  VenoB.— I 
ence  of  the  San  at  Mercury  and  Venis— Twilight  on  Mercury  and  Venus,— Mars.— Atniosp 
of  Mars— Physical  ConsUtution  of  Mars,— Has  Mara  a  SateUitel— Appearanoe  of  tho  So 
Mare.— Its  Close  Analogy  to  the  Eaith, 
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There  is  no  subject  of  inquiry  to  which  the  improved  powers  of  the  tel- 
escope have  been  directed  with  greater  effect  than  the  investigation  of  the  ) 
physical  condition  of  the  several  planets  composing  the  solar  system.     We  j 
shall  on  the  present  occasion  take  a  review  of  some  of  these  bodies  and  shall  \ 
stale  the  chief  circumstances  which  have  been  discovered  respecting  them.  [ 

In  a  general  survey  of  the  system,  the  planets  composing  it  wi!l  naturally  \ 

be  classed  in  three  distinct  groups,  the /rs(  of  which  we  shall  call  the  minor  [ 

planHs,  the  second  the  new  planets,  and  the  third  the  major  planets.  < 

Proceeding  from  the  sun  outward  in  the  system,  the  four  planets  which  ate  ( 

nearest  to  that  luminary  are  Mereary,  Venus,  the  Earth,  and  Mars.     Between  ! 

these  bodies  there  prevails  a  striking  analogy.     We  find  that  they  are  not  i 

very  different  in  magnitude ;  that  they  correspond  closely,  so  far  as  we  can  ) 

discover,  in  their  geographical  character ;  that  they  receive  in  not  very  differ-  \ 
ent  proportions  the  influence  of  the  sun.     The  close  alliance  between  iher 
has  also  occurred  to  other  astronomical  writers,  inasmuch  as  they  are  some- 
times called  the  terrestrial  planets,  from  their  analogy  to  the  earth. 


The  planet  Mercury  revolves  at  a  distance  from  the  sun  of  about  thirty-six 
mdhons  of  miles,  completing  his  periodical  revolution  in  about  eighty-eight  days, 
or  something  less  than  three  of  our  months.     The  diameter  of  this  planet  is 
about  three  thousand  two  hundred  miles,  or  four  tenths  of  that  of  the  earth,  and  \ 
consequently  its  volume  or  bulk  is  about  a  sixteenth  of  ihat  of  our  globe.     As  > 
Mercury  revolves  ronnd  the  sun  in  an  orbit  enclosed  within  that  of  the  earth,  it  j 
follows  that  his  illuminated  hemisphere,  which  is  always  presented  to  the  sun  ! 
in  the  course  of  each  revolution,  must  assume  every  possible  variety  of  position  \ 
i"  '■'igBrd  to  the  earth.     Thus  when  Mercury  is  between  the  sun  and  earth  a 
what  is  called  inferior  conjunction,  his  dark  hemisphere  is  turned  tow- 


I  losted  by 


Google 


y  Google 


a  corresponding  variety  of  phases,  in  short,  it  will  undergo 
I  all  the  changes  which  the  moon  presenis  in  its  monthly  course  round  tho  earth, 
'  as  represented  in  the  figure. 

When  near  the  point  behind  the  sun,  it  will  be  nearly  full,  or  gibbous  ;  and 
}  when  near  (he  point  where  its  dark  hemisphere  is  turned  to  the  earth,  it  will 

<  be  a  crescent.     In  a  certain  intermediate  position  it  will  be  halved,  and  will  pass 
J  Ihrough  all  the  other  phases. 

In  making  its  circuit  round  the  san,  it  will  be  seen  alternately  at  the  east  and 

It  the  west  of  that  luminary,  separating  from  it  in  each  direction  to  an  extent 

J  limited  by  the  magnitude  of  its  orbit  round  the  sun.     When  it  is  at  the  west  of 

s  before  the  sun,  and  rises  before  the  sun.     It  cannot.in  that  case, 

e  evening  ;  but  if  it  be  separated  from  the  sun  by  a  sufficient  dis- 

rise  so  early  as  to  anticipate  ihe  light  of  the  morning  which 

sun's  rays,  and  may  then  be  seen  as  a  morning  star.     On  the  other 

?  hand,  when  it  is  at  the  east  of  the  sun,  it  rises  after  ihe  sun,  and  sets  after  it. 

<  Ii  cannot,  therefore,  be  seen  in  the  morning ;  but  proi-ided  it  be  sufficiently  dis- 
tort <■        ,t,„  =...„  ,^  remain  above  the  horizon  until  tho  darkness  is  sufficient  to 


J  render  it  visible,  it  will  be 


n  evenmg  star. 


The  orbit  of  Mercury  is  so  limited  in  its  breadth,  compared  with  the  distance 
S  of  the  earth  from  the  sun,  that  even  when  that  planet  is  at  its  greatest  apparent 
i  distance  from  the  sun,  it  sets  in  the  evening  long  before  the  end  of  twilight ;  and 
i  when  it  rises  before  the  sun,  the  latter  luminary  rises  so  soon  after  it  that  it  is  never 
5  free  from  the  presence  of  so  much  solar  light  as  to  render  it  extremely  difficult 
,  to  see  the  planet  with  the  naked  eye.  In  short,  Mercury  is  seldom  seen  at  all, 
)  except  with  a  telescope.  It  is  said  that  Copernicus  himself  never  saw  this 
S  planet. 

OF   THE   PLANET   VENUS. 


The  planet  Vekus  is,  on  many  accounts,  more  favorably  circumstanced  for 
I  telescopic  observation  than  Mercury.  Its  diameter  is  neariy  equal  to  that  of 
J  the  earth,  and  nearly  three  times  as  great  as  that  of  Mercury.  Its  distance 
i  from  the  sun  being  about  seventy  millions  of  miles,  it  separates  itself  in  its  pe- 
(  nodical  course  so  widely  from  the  sun,  that  when  it  is  east  of'  the  sun  it  re- 
'love  the  horizon  in  the  evening  after  night-fall ;  and  when  it  is  west  of 
it  rises  in  the  morning  so  long  before  the  hour  of  sunrise  that  it  is  dis- 
J  tincily  visible.  Owing  to  the  absence  of  the  solar  light,  it  forms,  therefore, 
S  the  object  with  which  every  one  is  familiar,  under  the  names  of  the  morning  and 
?  evening  star.  It  is  subject,  by  the  operation  of  the  same  causes,  to  the  same 
5  variety  of  appearances  as  Mercury.  When  it  is  neariy  between  the  earth  and 
"un  it  appears  a  thin  crescent,  and  when  beyond  the  sun  it  appears  full ;  and 
)  intermediate  positions  exhibits,  like  Mercury,  all  the  variety  of  phases 
(  of  the  moon. 


e  of  tho  most  interesting  objects  of  telescopic  inquiry  regarding  the  con- 
j  dilion  of  the  planets  is,  the  question  as  to  their  diurnal  rotation.  In  general, 
I  the  manner  in  which  we  should  seek  to  ascertain  this  fact  would  be,  by  exam- 
i  ining  with  powerful  telescopes  the  marks  observable  upon  the  disk  of  the  planet. 
(  If  the  planet  revolves  upon  an  axis,  these  marks,  being  carried  round  with  it, 
}  would  appear  to  move  across  the  disk  from  one  side  to  the  other ;  they  would 
(  disappear  on  one  side,  and,  remaining  for  a  certain  time  invisible,  would  reap- 
-I  the  other,  passing,  as  before,  across  the  visible  disk.     Let  auy  one 
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stand  at  a  distance  from  a  common  terrestrial  globe,  and  let  it  be  made  to  .^ 
volve  upon  its  axis:  the  spectator  will  see  the  geographical  marks  delineated  ] 
on  it  pass  across  the  hemisphere  which  is  turned  toward  him.     They  will  s 
cessively  disappear  and  reappear.     The  same  effects  must,  of  course,  be  ... 
peeled  to  be  seen  upon  the  several  planets,  if  they  have  a  motion  of  rotation  i 
resembling  the  diurnal  motion  of  our  globe.     If  this  species  of  observation  be 
attempted  with  respect  to  the  planets  Mehcury  and  Venus,  we  shall  immedi- 
ately find  the  investigation  obstructed  by  an  unexpected  difficulty.     Their  disks 
present  no  permanent  marks  or  characteristics.     They  are,  it  is  true,  diversified  \ 
more  or  less  by  lights  and  shadows,  but  we  soon  discover  that  these  varieties  J 
of  feature  are  not  of  a  permanent  kind ;  but,  on  the  contrary,  that  they  aie 
continually  shifting  and  changing,  like  the  clouds  that  float  in  an  atmosphere. 
It  has,  in  fact,  been  ascertained,  that  these  appearances  in  the  inferior  planets  ? 
are  produced  by  clouds,  with  which  the  thick  atmosphere  that  invest  them  ar 
continually  loaded.     These  clouds  are  so  continuous  that  they  never  permit  u 
to  see  the  geographical  character  of  the  planets  Mercury  and  Venus  at  all. 

For  a  long  period  this  circumstance  seemed  to  render  futOe  all  attempts  to  \ 
ascertain  the  rotation  of  these  planets  accurately.  At  length,  however,  a  cir-  I 
cumstance,  apparently  accidental,  led  Cassini  and  Schroter  to  the  discovery  ? 
of  the  fact  of  the  rotation  of  Vekits  on  its  axis.  < 

This  discovery  was  effected  by  observing  that  the  points  of  the  horns  of  the  ) 
crescent  of  Venna  were  at  certain  moments  cut  off  square,  and  after  a  certait 
time  would  recover  their  sharpness.     This  was  found  to  take  place  nearly  a; 
the  same  time  each  successive  evening  and  morning.     The  cause  was  soon  > 
ascertained.     In  a  certain  part  of  the  surface  of  the  planet  a  lofty  mountain  ( 
flung  its  shadow  across  the  region  which  formed  a  point  to  the  horn.     The  S 
diurnal  rotation  of  the  planet  soon  carried  this  point  into  another  position,  s< 
that  the  shadow  disappeared  and  allowed  the  horn  of  the  crescent  to  recover  it^ 
sharpness.     Each  time  that  the  horn  became  thus  blunted,  it  was  ascertained  ? 
that  the  mountain  had  returned  to  the  same  position,  and  consequently  that  the  I 
planet  must  have  completed  one  revolution  on  its  axis. 

It  is  a  remarkable  fact,  that  the  same  circumstance  was  found  to  take  plat 
in  the  instance  of  the  planet  Mercury,  and  the  result  has  been,  that  these  tw 
planets  have  been  ascertained  to  have  a  diurnal  rotation;  that  of  Mebcur 
being  completed  in  24  hours,  5  minutes,  28  seconds,  and  that  of  Venus  in  2„ 
hours,  21  minutes,  7  seconds.  Thus  it  appears  the  alternations  of  day  and  \ 
night  in  these  planets  are  regulated  by  the  same  intervals  as  the  earth. 

DIRECTION   OF    THE    AXIS    OP    ROTATION. SEASONS,    CLIMATES,    AND    ZONES. 

The  position  of  the  axis  on  which  a  planet  revolves,  is  ascertained  by  ob-  ■ 
)  serving  the  direction  of  the  apparent  motion  of  the  permanent  marks  upon  its  ( 
I  disk— the  axis  being  necessarily  perpendicular  to  such  motion.  Since,  how-  \ 
r,  the  rotation  of  Mercury  and  Venus,  as  we  have  just  explained,  do  not  f 
(  show  the  apparent  motion  of  any  of  these  permanent  marks,  the  circumstancea  j 
j  which  led  to  the  discovery  of  their  rotation,  did  not  indicate  the  position  of  the  J 
(  axes  on  which  they  turned.  It  is  said,  however,  that  observations  have  beei 
i  made  which  justify  the  conclusion  that  the  axis  on  which  the  planet  Venul 
j  turns,  has  a  position  in  reference  to  its  orbit  very  dirferent  indeed  from  that  of  \ 
)  the  earth.  Let  it  be  remembered,  that  the  axis  of  the  earth  leans  from  the  ) 
i  perpendicular  through  an  angle  of  2$^°,  in  consequence  of  which  the  polar  cir-  \ 

>  cles  and  tropics  have  corresponding  limits.     It  is  this  arrangement  which  j 
(  divides  the  surface  of  our  globe  into  the  t^perate  and  frigid  zones  ;  the  tem- 

>  perate  being  those  which  lie  between  the  tropics  and  the  polar  circles,  in  which  { 
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sun  is  never  vertical,  on  the  one  hand,  nor,  on  the  other  hand,  is  ever  abse 
\  for  twenty-four  successive  hours.  How  dilTerenl  must  be  the  circumstances  ( 
>  tending  the  planet  Veirns,  if  it  be  true,  as  there  seems  reason  to  believe,  that  tl 
'  i  of  that  planet,  instead  of  being  inclined  23^''  from  the  perpendicular, 
!  inclined  75°  from  it.  The  polar  circles  would  include  a  portion  of  each  her 
!  isphere,  the  extent  of  which  would  be  five  sixths  of  its  entire  breadth.  Th 
5  the  greater  portion  of  such  a  globe  would  be  subject  to  vicissitudes  somewhat  J 
5  similar  to  those  which  are  incidental  to  our  frigid  zone,  bat  the  changes  would  J 

much  more  complicated.     Within  a  certain,  space  of  such  a  planet,  the  ; 
5  would  at  one  season  of  the  year  pass  through  the  zenith,  and  the  circumstances  , 
I  of  the  day  would  resemble  those  between  our  own  tropics  ;  while  at  another  pe- 
j  riod  of  the  year,  the  sun  would  never  rise  for  twenty-four  hours.     In  fact,  the 
!  polar  circle  would  overlay  the  tropics,  and  the  phenomena  of  each  zone  would  J 
(  alternatelv  prevail  at  different  seasons. 

J       The  position  of  the  axis  of  Mercury  is  not  ascertained,  but  ihere  is  rea 
5  to  believe  that,  like  that  of  Venus,  it  is  inclined  at  a  very  large  angle  from  the  ) 
J  perpendicular. 


>   TRANSITS   OF   J 


■   AND   VENUS. 


The  motion  of  the  planets  Mercury  and  Venus,  like  that  of  the  other  bodies  > 
of  the  system,  is  very  nearly  in  the  plane  of  the  ecliptic.  The  orbit  of  Mer-  ( 
cury  makes  with  the  plane  of  the  ecliptic  an  angle  of  7°,  and  that  of  Venus  J 
an  angle  of  less  than  4°  ;  the  consequence  of  which  is,  that  these  planets 
never  seen  much  above  or  below  the  ecliptic.  The  apparent  diameter  of  the  ( 
sun  is  about  half  a  degree  ;  consequently  the  greatest  distance  to  which  Venus  i 
can  depart  from  the  ecliptic,  will  be  less  than  eight  diameters  of  the  sun ;  and  j 
the  greatest  distance  of  the  planet  Mercury  from  it  will  be  fourteen  diameters  J 
of  the  sun.  The  points  at  which  these  planets  are  seen  upon  the  ecliptic  are 
called  the  nodes  of  the  orbits ;  and  if  at  the  time  they  pass  near  these  nodes 
they  happen  to  be  in  inferior  conjunction,  they  may  be  directly  between  the  j 
eye  of  the  observer  on  the  earth  and  the  sun's  disk.  In  that  case,  they  would  J 
be  seen  as  a  black  spot  moving  in  the  sun's  disk.  In  order  that  this  remarka- 
ble phenomenon,  which  is  called  a  transit,  should  take  place,  it  is  obviously  j 
necessary  that  the  distance  of  the  disk  of  the  planet  from  the  place  of  the  sun's  j 
centre  should  be  less  than  half  the  sun's  apparent  diameter ;  that  is,  less  than  } 
fifteen  minutes  of  a  degree.  If,  then,  the  distance  of  either  of  the  inferior  J 
planets  from  the  ecliptic  at  the  time  they  are  in  inferior  conjunction  be  less  than  j 
fifteen  minutes,  there  must  be  a  transit ;  and  the  less  that  distance  is,  the  gre 
the  extent  of  the  sun's  disk  over  which  the  planet  will  be  seen  moving.  If  the  j 
planet  be  exactly  in  its  node  at  the  time  of  the  inferior  conjunction,  then  it ' 
be  passing  directly  across  the  centre  of  the  sun. 

It  will  be  evident  that  the  part  of  the  sun's  disk  in  which  the  planet  is  s 

projected  in  a  transit,  will  also  depend  on  the  position  of  the  observer  upon  the  J 

earth.     It  may  happen  that,  from  some  parts  of  the  eaYth,  the  planet  would  not  ) 

he  projected  upon  die  solar  disk  at  all ;  and,  in  short,  at  different  parts  of  the  ! 

earth,  the  line  of  its  projected  course  will  necessarily  be  different.     These  f 
effects  will  depend  on  the  extent  of  the  earth,  and  its  distance  from  the  s 
and  the  planet. 

"■  ■  na  have,  therefore,  supplied  a  very  happy  expedient  by  ! 

of  the  sun  from  the  earth  may  be  exactly  ascertained.     The  j 

I  especially  applicable  to  this  investigation,  and  has  been  ) 

iccess.     When  the  transit  of  the  planet  occurred  in  1769,  , 

t  by  different  European  governments  to  the  most  favorable  > 


These  pher 
which  the  dislanct 
transit  of  Venus  i 
used  with  signal  s 
observers  were  sei 
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THE  MINOa  PLANETS. 

parts  of  the  earth  for  observing  it :  some  to  Otaheite,  some  to  Cajaneburgli  in 
Swedish,  Lapland,  and  elsewhere.  The  result  of  their  observations  proved 
that  the  distance  of  the  sun  from  the  earth  is  ninety-fivo  millions  of  miles. 

The  intervals  between  the  successive  transits  at  each  node  are  8  and  113 
years.  The  following  are  the  series  of  transits  to  take  place  for  the  next  four 
centuries ; — 


1874.. 


..Dec.  9.. 
..Dec.e.. 


2012 June  6 . . . 

2117 Decll.., 

2125 Dec.  18.. 

2247 June  11.. 

2255 June  9 . . . 


4     1fiT 

M 

8  51  A 

1    11  A 

2  57  A 

M 

0  21r 

M 

4  44  a 

M 

The  duration  of  a  transit  depends  on  the  part  of  the  sun's  disk  on  which  the 
S  planet  is  projected.     It  may  last  so  iong  as  seven  hours,  if  the  planet  pass 
Lcross  the  centre  of  the  disk  of  the  sun. 

The  last  transit  of  Mercury  took  place  on  the  7lh  of  November  1835.     It 
»as  visible  in  this  country  bu  no 
J  Its  commencement      The  next     ans 

1  the  8th  ot  May ;  it  will 
J  at^moon,  and  will  terminate  a 
5  wich  time      At  New  York      v  ^ 

s  earlier    it  will  therefore  beg     a        enty  h  ee      n    e    pas  eie'  er 
5  forenoon,  and  w  ill  terminate  a  fi  c  m  n      a  I  efo  e  s  x  n  he  al  en  oon 
jntire  transit  will  therefore  be  visible  in  the  United  States. 
The  transits  of  Mercury  during  the  present  century  will  be  as  follow: 


Eu  ope 

nha 

no    e    he 

before 

11  happen 

he 

p  esen  jea 

1845, 

*s  p  s  four  in  the 

mnues 

befoe 

ele 

n  a    n  gh 

Jreen- 

n  a  d 

d  fou 

hou 

s  and  fil  y 

t  min- 

..May  8 7  54  i 

..Nov.  9 I  38 

..Nov.  12 7  20 

..Nov.5 6  44. 


..Not,  10 6  17  . 


The  times  here  given  are  the  mean  ti 


It  Greenwich  of  the  middle  of  the 


MOONTAINS   c 


!  supposed  that  mountains  of  extraordinary  elevation  prevail  both  in 

f  Mercury  and  Venus.     Those  upon  Venua  are  estimated  to  be  about  four  times 

S  higher  ilian  upon  the  earth. 

Sir  William  Herschel  was  unable  to  distinguish  any  permanent  marks  on 

J  Mercury.  Schroter,  however,  has  been  more  successful.  This  astronomer 
s  discovered  mountains  on  the  surface  of  the  planet,  and  has  even  succeeded 
ascertaining  the  height  of  some  of  ihem.  One  of  them  he  found  to  rise  to 
altitude  of  5.600  feel,  and  another  to  the  scarcely  credible  height  of  nearly 

!  eleven  miles,  being  nearly  four  times  the  height  of  jEtna  or  the  peak  of  Ton- 

t  eriffe,  and  more  than  double  the  height  of  the  loftiest  mountain  on  the  eanh. 

5  It  is  remarkable  that  the  highest  mountains  in  Mercury  are  situated  in  the 

{  southern  hemisphere  of  the  planet. 

Schroter,  to  whose  observations  we  are  indebted  for  much  of  the  knowledge 
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The  distance  of  the  earth  from  the  sun  is  greater  than  that  of  Venus  in  the 
'o  of  10  to  7  nearlv    and  consequently  tlie  apparent  diameter  of  the  su) 
n  from  Venus  will  be  greater  in  the  sime  raUj  than  as  seen  from  the  ea 

J  If  E  represent  the  apparent  md.siitude  of  the  sun  is  «ecn  from  the  earth,  V  will  j 

■   represent  its  apparent  magnitude  as  seen  from  ^  enus 

S       The  intensity  of  the  sun  s  hght  at  Venus  will  be  about  twice  its  intensity  a 

I  the  earth. 


■e  twilight  in  these  planets  has  been  well  ascer-  } 
S  tajned.     By  observing  the  concave  edge  of  the  crescent  which  corresponds 
J  the  boundary  of  the  illuminated  and  dark  hemispheres  of  the  planets,  it  is  found  { 
j  that  the  enlightened  portion  does  not  terminate  suddenly,  but  there  is  a  grad- 


y  Google 


J  ual  fading  away  of  the  light  into  the  darkness,  produced  by  the  band  of  atmo- 
\  sphere  illuminated  by  tho  sun  which  overhangs  a  part  of  the  dark  hemisphere, 
J  and  produces  upoa  it  the  phenomena  of  twilight. 

J  When  we  examine  the  dark  hemisphere  of  the  planet  Venus,  there  is  oh- 
j  served  upon  occasions  a  faint  reddish  and  grayish  light,  which  is  visible  on 
J  parts  too  distant  from  the  illuminated  hemisphere  to  be  produced  by  the  light 
f  of  the  sun.  It  is  supposed  that  these  effects  are  indications  of  the  play  of  some 
lospheric  phenomena  in  this  planet  similar  to  the  aurora  horealis. 


Proceeding  outward  in  the      1       j      m  f    m  h 
ye  find  revolving  beyond  the  e     h      d       1  d    g 
*ithin  its  periodical  course  is  h    pi         M 
ion  round  the  sun  at  a  distan        f  Ij  1 

niles  from  that  luminary,  and  c      pi  1 

six  days,  or  a  little  less  than  t       j 
When  the  earth  is  between  M  d    h 

\  from  the  earth  is  less  than  fifty      11  f  m  1 

{  meridian  at  midnight,  the  circ 
)  observation.     Although  its  dis  f    m  h  h 

(  that  of  Venus  when  near  inferior  conjunction,  j 
5  has  her  dark  hemisphere  turned  to  the  earth. 


the  first  planet  which  ) 

I        nual  path  of  the  earth 

'1      body  makes  its  revolu- 

d    d  and  fifty  millions  of 

ix  hundred  and  eighty- 

h     distance  of  the  planet  ! 


s  ther 


n  the 


;  of  Mars  is  turned  fully  toward 

S  satisfactory. 

J      The  diameter  of  M       "    ab     t  h  If  that    f 

;  by  the  observations  o  A    go  h  pol     d 

{  torial,  and  that  conseq    n  Ij   I  k     h        rth 

As  the  planet  includ       hob       f    1 
J  round  the  sun,  the  h   n   ph  lb       p 

}  nearly,  although  not  ex     ly  p        n    d        h 
\  is  that  Mars  is  alwaj         n       h  a  f  1  ph 
?  the  appearance  of  a  reddish  star 


ly  favorable  to  telescopic 
h  t  epoch  is  greater  than  J 
:t  as  Venus  in  that  position"  J 
the  enlightened  hemispher 


the  observations  made  on  the  latter  a 


lei  3  h 
bl  ph  0  d 
u      IS  p     od 

le    un         1 
h       n    q 

1    h  Ij  g  bb  u       It  has  I 


On  examining  with  a  sufficiently  powerful  telescope  the  disk  of  Mars,  it  is 
found  to  be  characterized  by  features  of  lights  and  shadows,  like  those  which  ) 
prevail  on  the  other  planets.  These  were  observed  at  a  very  early  period  in  1 
the  progress  of  astronomical  discovery.  There  are  diagrams  given  in  the  first  I 
volume  of  the  " Philosophical  Transactions"  showing  telescopic  views  of  this  J 
planet. 

By  attentively  watching  these  marks,  they  have  been  observed  to  move  i 
parallel  linos  east  and  west— to  disappear  at  one  side  of  the  disk,  and  to  n 
appear  after  equal  intervals  at  the  other  side.  Hence  it  was  discovered  at  a  J 
very  early  epoch  by  Cassini  that  Mars  has  a  diurnal  motion  upon  il 
time  very  little  different  from  that  of  the  earth.  Cassiiii's  estimation  of  the  \ 
time  of  rotation  of  this  planet  was  twenty-four  hours  and  forty  n 
more  accurate  estimate  proves  il  to  he  twenty-four  hours,  thirty-nine 
and  twenty-one  seconds.  The  axis  on  which  it  turns,  and  which  it 
dicular  to  the  lines  in  which  the  marks  on  the  disk  move,  is  at  aa 
about  thirty  degrees  from  the  perpendicular  to  its  orbit.  When  it  i 
bered  that  the  earth's  axis  is  inclined  at  an  angle  of  twenty-three  and  a  half  \ 
degrees,  and  that  it  is  this  inclination  which  produces  the  succession  of  s 
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IS,  and  which  divides  the  earth  into  zones  and  climates,  it  will  be  easily  ii 
J  ferred  that  the  same  phenomena  prevails  in  Mars — the  limits  of  the  seasor 
i  being  little  more  extreme  than  those  which  prevail  in  tho  earth. 


The  existence  of  an  atmosphere  upon  Mars  is  proved  by  the  gradual  din 
lution  which  the  light  of  a  star  suffers  as  his  disk  approaches  it,  and  by  the  i 

J  variable  character  of  the  lights  and  shadows  apparent  upon  the  disk.     Th 

J  ruddy  appearance  of  tlie  planet  has  been  explained  by  the  supposition  of  a 
atmosphere  of  great  density  around  it ;  but  more  accurate  telescopic  observa-  { 
tions  have  led  Herschel  and  others  rather  to  incline  to  the  opinion  that  I 
redness  must  be  ascribed  to  a  peculiar  color  prevailing  on  the  surface  of  the  ; 

i  planet,  like  that  of  the  red  sandstone  districts  upon  the  earth.    A  slight  appear 
e  of  bells  has  always  been  noticed  on  this  planet,  which  affords  anothe 

}  indication  of  an  atmosphere,  as  will  be  more  clearly  understood  when  the  belts  ) 

I  of  Jupiter  and  Saturn  shall  be  explained. 


Telescopic  inquiry  has  been  directed  to  determine  the  physical  condition  of 
this  planet,  and  with  a  degree  of  success  greater  perhaps  than  tiat  which  haa 

attended  similar  inquiries  respecting  any  other  body  in  the  solar  system,  except  ( 

the  sun  and  moon.     Sir  William  Herschel,  and  after  him  his  son,  Sir  John  ) 

Herschel,  ascertained  the  form  and  position  of  a  variety  of  the  features  of  light  ( 

and  color  on  the  disk  ;  but  it  has  been  reserved  for  the  Pnissian  astronomers,  i 

Beer  and  Madlek,  to  carry  this  inquiry  to  a  much  greater  degree  of  detailed  { 


fourteen  years,  and  suppli 
planet.     We  annex  a  iigui 


d  a  telescopic  drawing  of 
1  extibiting  this  sketch. 


1  Mars  within  the  last  ( 
ne  hemisphere  of  the  \ 


He  stated  that  the  outlines  here  exhibited  were  found  to  be  permanent  ai 
I  unvatiable,  and  must  therefore  be  regarded  as  geographical  and  not  atraospher 
I  features.   Itis  true  that  they  were  not  always  visible,  being  sometimes  obscured,  ( 
'atied  by  what  seems  to  bo  clouds ;  but  when  visible  they  were  always  the 
le.     Some  portions  appeared  of  a  reddish  color,  while  others  had  a  greenish 
.     He  supposes  the  red  portions  to  be  land  whose  geological  character  im- 
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Among  the  features  apparent  on  this  planet,  what  altracied   most  s 
are  certain  white  spots  seen  around  the  polar  regions.     These  were  an 
very  first  permanent  marks  discovered  on  the  planet,  and  are  represented  even  ) 
in  the  first  rude  drawing  given  of  its  telescopic  appearances  in  the  proceedings  s 
j  of  the  Royal  Society.     In  the  observations  of  Herschel — both  faiher  and  son —  ) 
j  they  have,  however,  been  more  rigorously  examined  and  described  ;  and  still  J 
nore  so  in  the  investigations  of  Beer  and  Madler. 
It  has  been  ascertained  from  the  changes  they  undergo  that  they  t 
)  produced  by  deposites  of  snow  in  the  polar  regions.     Herschel  observed  that  \ 
!  when  the  pole  had  been  turned  from  the  sun  during  the  winter,  and  first  r 
5  appeared  in  the  spring  of  the  planet,  the  whiteness  was  most  extensive  at 
i  vivid  ;  and  that  when  the  same  pole  was  exposed  lo  the  influence  of  the  st 
(  during  the  summer,  which  is  double  ihe  length  of  the  summer  upon  the  earth,  J 
whiteness  gradually  diminished,  and  always  disappeared.     Such  mdica-  J 
(  tions  cannot  be  mistaken,  and  admit  of  no  other  explanations  save  what  I  have  \ 
low  adverted  to. 

The  elaborate  observations  of  Beer  and  Madler  have  supplied  various  tele- 
icopie  views  of"  this  planet.     In  tlieir  work  upon  this  subject  they  have  pub- 
(  lished  forty  views  of  hemispheres  made  by  planes  passing  nearly  throngh  the  ( 
[  poles,  which  is  the  only  view  presented  to  the  observer  by  the  planet.     Hav-  ! 
J  ing  bj  combining  together  many  observations  made  as  it  were  a  survey  of 
i  the  entire  surface  of  the  globe  of  Mara  they  have  given  two  news  one  < " 
(  northern  and  the  other  of  its  louthem  hemisphere 

)       We  ha\e  obtained  copies  of  these   views    and  ha\e  afhxed   them   ] 
(  Tbo  of  the  views  of  ihia  planet  bounlcd  bj  a  circle  pis  ing  nearly  through  i 
,  its  poles  aie  annex  d      ihe  Mews  of  the  hemispheres  dre  given  '  ' 


Analogy  naturally  suggests  the  probability  that  the  planet  Mars  might  have  J 
;  moon.     These  attendants  appear  to  be  supphed  to  the  planets  in  augmented  ' 
i  numbers  as  they  recede  from   the  aun  ;   and  if  this  analogy  were  complete,  it 
I  would  justify  the  inference  that  Mars  must  at  least  have  one,  being  more  re- 
)  mote  from  the  sun  than  the  earth,  which  is  supplied  with  a  satellite.     No 
1  has  ever  been  discovered  in  connexion  with  Mars.     It  has,  however, 
J  been  contended  that  we  are  not  therefore  to  conclude  that  the  planet  is  desti-  ■ 
I  tute  of  such  an  appendage ;  for  as  all  secondary  planets  are  much  less  than  J 
J  their  primaries,  and  as  Mars  is  by  far  the  smallest  of  the  superior  planets,  ii 
satellite,  if  such  existed,  must  be  extremely  small.     The  second  salelliie  o 
)  Jupiter  is  only  the  forty-third  part  of  the  diameter  of  the  planet ;  and  a  satellite  \ 
\  which  would  only  be  the  forty-third  part  of  the  diameter  of  Mars,  would  be 
r  one  hundred  miles  in  diameter.      Such  an  object  could  scarcely  be  dis- 
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I  covered,  even  by  powerful  ti 
5  the  disk  of  tlie  planet. 


APPEARANCE 


The  distance  of  Mars  from  the  t 
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THE  MINOa  PLANETS. 


to  those  who  have  considered  the  facts  and  phenomena  now  described.     It  ia 
a  globe  whose  diurnal  motion  is  "such  as  to  give  it  days  of  the  same  length  ; 
its  seasons  succeeding  each  other  m  the  same  manner,  and  are  limited  by  the 
S  same  extremes  of  temperature      Its  latitudes  are  diversified  by  the  same  torrid,  / 
)  temperate,  and  frigid  zones,  and  the  same  varieties  of  climate.     Its  surface  is  J 
)  characterized  by  a  like  diatnbution  of  land  and  water  ;  and,  like  the  earth,  it  ? 
)  has  its  continents,  islands,  and  seas      It  is  invested  with  an  atmosphere,  sup-  } 
5  plying  doubtless  all  the  interesting  objects  ajid  advantages  which  result  from  I 
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V,    alher  Almanaci—Exciiabiliij-  of  ihc  london  Public— Fright  produced  by  B 
L     don  Water  Panic— London  Air  Panic— London  Bread  Panic— Rage  for  Wealher  J 
laca     Patrick  Murphy's  Prelenflions,— ExaminaUon  of  the  Predictions  of  ihe  Wea 
Tb  ic  AbBurdity.— Comparison  of  iho  Prediclions  wiib  the  Evenl— Morriaon's  \ 
^Charialaniam  of  Ihesa  Pnbhostioos.— Great  Frost  of  1S33  in  Londoo,- Othoi 
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f  which  the  pubhc  was  persuaded  that  the  water  supplied  to  the  inotropohs  Wi 
J  desiructive  to  heahh  and  life.      While  this  lasted,  the  papers  teemed  with  a 

etits  of  patent  filtering  machines  ;  solar- micros  cope  makers  displayed  ( 
riiied  Londoners  troops  of  thousand -legged  animals  disporting  in  their  > 


?  daih  beierage      pubhshi 

md  the  pubhc  was  seized  wii 
(  Brands  anal} zed  the  water  at 
1  London  mto  iis  senses 
t  lost  Its  authority  Time  waa 
S  paroxysms  of  the  disease  hai 
I  people  were  convales 


busy  with  popular  treatises  o 

a  a  general  hydrophobia.     It  was 

the  Royal  Institute,  and  Faraday 

Knowledge  ceased  to  be  power 

loweier,  more  efficacious  than  scie 


ntomology  ; 
■  I  that 


Thel 


i,  the 


}  spher  c  a      dutmg  which  the  inhabitants  of  tho  great  metropolis  (in  a  literal  \ 

a  celj  dared  to  breathe      The  combustion  of  coal  was  denounced  a 

evil  in  this  case      Calculations  were  circulated  of  the  number  of  f 

of  sulphurous  gas  taken  into  ihe  lungs  of  each  adult  inhabitant  per 

1  e  properties  of  carbonic  acid  were  discussed  behiud  counters ;  patent  > 

J  fuma  e    were  plentifully  invented  and  advertised  for  sale  ;  and  parliament  was  ( 

J  u  ged  o  pass  a  bill  for  the  purification  of  tho  atmosphere,  and  to  compel  all  ) 

j  who    sed  fires  to  consume  their  own  smoke,  ( 

jears  ago,  the  people  of  London  were  seized  with  a  persuasion  that  > 

3  used  a  poisonous  substance  to  bleach  the  necessary  article  of  food  < 

I    hey  manufactured,  and  forthwith  a  bread  panic  arose.     A  joint-stock-  j 

J  d  ges     e  brown-bread  company  was  immediately  formed.     "  Fancy  baker,"  a  ( 

;  le  p  e    ously  assumed  as  a  recommendation  to  their  customers'  favor,  was  > 

pa  n  ed  o  er ;  brown  loaves  usurped  the  place  of  French  rolls ;  and  the  lacquey,  ( 

(  whose  master  adhered  to  his  old  taste  in  defiance  of  poison,  as  he  sought  for  i 

wh  e  loa  ^s,  hummed — 

"  Tell  me  whero  is  fancy  bread" 

In  1838,  the  public  turned  its  attention  to  meteorology,  and  the  causes  J 
j  which  govern  the  changes  of  weather  was  the  aH-absorbing  topic.  Some  of  j 
(  the  intelligent  conductors  of  the  daily  and  weekly  press  seriously  descanted  J 
i  on  the  great  advantages  which  would  accrue  to  the  farmer,  the  gardener,  the  . 
C  manufacturer,  the  mariner,  and  others,  from  the  certain  prediction  of  the  weather,  ' 
S  and  looked  forward,  evidently  not  without  hope,  to  an  early  period  when,  by  a  . 
c  new  principle  of  science  discovered  by  a  Mr.  Murphy,  and  he  said,  "probably  < 
J  known  only  to  himself" — 


By  so 

J  Among  the  gifted  individuals  to  whom  it  has  been  vouchsafed  to  see  th 
?  shadows  which  coming  events  cast  before  them,  and  who  have  conferred  o 
J  the  public  the  inestimable  benefit  of  their  knowledge,  the  most  conspicuous  wa 
a  gentleman  who  took  the  appellation  and  appendages  of  P.  Murphy,  Esquiri 
,  M.  N.  S.     What  prsenomen  is  indicated  by  P.,  we  are  not  certainly  informed,  ] 

ive  believe  it  to  be  that  of  the  patron  saint  of  the  Emerald  isle,  o 
(  this  weather-seer  is  said  to  be  a  native.     Indeed,  there  is  abundant  proof  of  his  S 
?  country,  in  the  prevalence  throughout  his  writings  of  that  peculia 
j  modesty  which  is  generally  considered  characteristic  of  the  '■  Land  of  Song."  j 
f  We  have,  however,  looked  in  vain   among  the   many  combinations  of  letters   ( 
J  expressing  the  various  learned  societies  in  this  and  other  countries  for  the  sig- 
nification of  M.  N.  S.     We  have  found  socieiies  designated  by  every  letter  ii 
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,      ,    ;,  from  the  Aatronomical  lo  the  Zoological,  the  letter  N  alone  ex- 
J  cepled. 

j  After  all,  the  name  of  Patrick  Murphy  may  be  unwarrantably  assumed. 
i  Francis  Moore,  physician,  has  long  been  so ;  and  a  table,  miscalled  Herschel's 
j  weather-table,  obtained  confidence  from  its  unauthorized  adoption  of  the  name 

<  of  that  eminent  astronomer.  Perhaps  the  weather  almanac  has  as  little  rela- 
)  tion  to  the  veritable  Patrick  Murphy  as  Herschel's  weather-taBle  had  to  the 
I  great  telescopic  observer  ;  and  as  it  was  beneath  the  dignity  of  Sir  William 
?  even  to  disavow  such  trash  as  the  weather-table,  so  Sir  Patrick  may  possibly 

<  rely  on  the  dignity  of  his  station,  and  his  reputation  among  the  numerous  mem- 
(  bers  of  the  N Society,  as  a  sufficient  refutation  of  this  imposture. 

<  Until  the  appearance  of  the  weather  almanac,  the  pretenders  to  prediction 
>  confined  their  forebodings  to  the  general  character  of  the  weather  al  particular 

<  epochs.  In  the  weather  almanac  there  was,  however,  a  distinct  prediction  for 
)  every  successive  day  of  (he  year.  Every  possible  variety  of  weather  was  re- 
S  duced  under  one  or  other  of  three  denominations— /aiV,  Tain,  and  changeable  ; 
\  one  or  other  of  these  words  being  affixed  to  each  day  of  the  year.  Fo"  sor"> 
J  days  there  was  added  one  oroiher  of  the  words  frost,  wind,  storm,  or  tkundei 

(       A  precaution  was  taken  in  the  preface  to  explain  the  meaning  in  which  the 
J  several  terms  are  intended  to  be  received. 

Fair,  means  a  day  in  which  drought  is  expected  to  predominate. 

Rain,  a  day  in  which  rain  is  expected  to  predominate. 

Changeable,  a  day  in  which  it  is  uncertain  whether  drought  or  rain  will  pi 
J  dominate. 

To  be  enabled  fairly  lo  compare  the  predictions  with  the  facts,  it  is  necessary  S 
lat  these  explanations  of  the  terms  fair,  rain,  and  changeable,  be  clearly  u 
(  derslood. 

Does  rain,  we  would  ask,  include  snow,  hail,  and  sleet  i.     We  must  presume  \ 
I  that  It  does,  since  these  vicissitudes  ate  not  otherwise  expressed  in  the  al- 

}  Does  drought  signify  anything  more  than  the  absence  of  rain,  snow,  or  s!< 
j  We  shall  presume  that  it  does,  because  otherwise  this  very  common  state  „. 
I  the  weather  would  have  no  designation  in  the  nomenclature  of  the  weather  J 
i  almanac,  and  we  should  have  a  prediction  of  a  severe  frost  in  January,  without  \ 
i  any  prediction  of  the  thaw  which  follows  it. 
I       The  term  "  predominate,"  used  in  these  explanations,  we  take  to  refe.  .„ 

duration.  Thus,  if  in  twenty-fours,  rain  fall  for  less  than  twelve  hours,  the  J 
j  day  IS  to  be  designated  fair,  since  drought  predominates;  and  if  rain  fall  for  \ 
I  more  than  twelve  hours,  then  the  day  is  to  be  designated  rain,  since  rain 
i  dominates.  ' 
\  _  The  causes  which  govern  the  phenomena  of  weather  being  physical  aj 
\  cies  independent  of  the  will  or  interference  of  any  being  save  of  Him  "  \. 

<  rules  the  storm,"  are  as  fixed  and  as  certain  in  their  operation,  and  as  regular  ) 
i  in  the  production  of  iheir  effects,  as  those  which  maintain  and  regulate  the  < 
(  motions  of  the  solar  system.  The  moment  of  the  rising  or  setting  of  the  s 
\  on  any  given  day  of  the  ensuing  year  is  therefore,  in  the  nature  of  things,  r.„. 
I  more  certain  than  the  atmpspheric  phenomena  which  will  take  place  on  that  J 
Way.  The  doubt  and  uncertainty  which  attend  these  events  belong  altogether  ( 
j  lo_our  anticipations  of  ihem,  and  not  to  the  things  themselves.     If  out  knowl- 

P"  e  of  meteorology  were  as  advanced  as  our  knowledge  of  astronomy,  we  j 
uld  be  in  a  condition  to  declare  the  time,  duration,  and  intensity,  of  every  J 
wer  which  shall  fall  during  the  ensuing  year,  with  as  much  certainty  a  ' 
dsion  as  we  are  able  to  foretell  the  rising,  setting,  and  southing,  of  the  s... 
moon,  or  the  rise  and  fall  of  the  tides  of  ihe  ocean.     When  it  is  said,  there- 
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!  fore,  that  drought  or  rain  is  expected  to  predominate,  the  uncertainty  implied  by  / 
the  term  es^peeied  must  be  understood  lo  belong  to  the  knowledge,  or  rather  ) 
ignorance,  of  him  who  makes  the  prediction,  and  not  to  the  event,  which,  as  . 
we  have  shown,  is  necessary,  and  not  contingent. 

But  tie  most  absurd  of  these  explanations  is  that  of  the  word  diangenhh, 
(  which  is  here^ed  in  a  most  novel  sense.     Changeable  weather,  in  the  ordi- 
j  nary  use  of  the  word,  is  applied  to  weather  which  changes  frequently  and  sud- 
j  deiily  at  short  intervals,  from  fair  and  clear  to  cloudy  and  wet.    But  the  weather- 
'    anac  sense  of  this  term  is,  weather  in  which  U  is  uncertain  whether  drought  ) 
■ain  toil!  predominate.     Now,  as  we  have  already  shown  that  no  uncertainty  f 
attend  the  weather  itself,  hut  that  the  uncertainty  belongs  only  to  the  mind  of  ) 
\  the  author  of  the  weather  almanac,  it  wiil  be  necessary  to  remember  that  change- 
\  eable  weather  is  weather  about  which  the  said  author  confesses  that  he  has  no 
(  foreknowledge  ;  thus,  though  for  a  week  the  face  of  the  heavens  continue  clear 
\  and  cloudless,  the  temperature  of  the  air  mild  and  uniform,  and  the  atmosphere 
\  calm  and  still,  yet  the  weather  during  such  week  might  be  changeable,  accord-  ) 
g  to  the  weather  almanac,  and  its  author  would  claim  the  credit  of  a  predic- 
m  fulfilled.     In  fact,  every  day  in  the  year  to  which  he  has  annexed  the    \ 
\  word  changeable,  must  fulfil  his  prediction,  whatever  be  the  state  of  the 
5  weather ;  since,  happen  what  will,  no  one  can  doubt  the  uncertainty  of  the  ^ 
or's  own  mind  as  to  the  event,  when  that  uncertainty  is  itself  the  essence  j 
C  of  his  prediction.  ) 

>  The  author  states,  that  by  mnd  he  means  a  gale,  excluding  from  this  term  \ 
X  light  winds  ;  also,  that  by  storm  he  means  a  more  violent  gale ;  and  that  thvn-  \ 
\  de.r  and  storm  are  to  be  considered  to  a  certain  extent  synonymous,  it  being  not  (, 
j  always  possible  to  decide  in  which  way  these  phenomena  will  develop  them-  S 
\  selves.  ( 

To  these  explanations  we  have  nothing  to  object,  and  have  only  to  say,  that  Ji 
ivere  better  for  the  author's  reputation  for  honesty  or  sanity,  if  he  had  car-  \ 
d  his  indecision  to  a  much  greater  extent.  We  are  told  in  the  preface,  that —  i 
"  When  it  is  taken  into  account  that,  as  connected  with  the  principles  and  \ 
vs  of  movement,  of  temperature,  &c,,  in  the  sun  and  planets — a  totally  new  S 
isa  of  proofs — never,  perhaps,  so  much  as  supposed  lo  exist  by  the  immortal  ( 
!  Newton,  nor  by  any  other,  is  proposed  ly  the  present  mork ;  and  which,  if  found,  f 
certain  extent,  correct,  will  have  the  effect  of  placing  these  departments  I 
icience  a  century  in  advance  ;  it  will  be  allowed  that,  independent  of  its 
\  utility  in  other  respects,  this  should  be  sufficient  to  secure  it  a  favorable  recep- 
}  tion  from  an  enlightened  public. 

"  In  regard  to  the  principles  themselves  on  which  the  calculations  of  the  j 
i'eather  are  founded,  it  will  be  sufficient  to  say  that,  as,  according  to  any  prin- 
!  ciples  hitherto  known  or  recognised,  calculations  of  the  kind  could  not  be 
nade,  the  circumstances  necessarily  presupposes  the  discovery  of  others ;  and 
s  showing  the  connexion  of  the  latter  with,  it  may  be  said  every  department  J 
J  of  the  physical  sciences,  and,  consequently,  with  the  interests  of  every  class  ) 
J  of  society— a  scientific  notice  is  subjoined  by  liie  editor,  in  order  that  such  of  } 
i  the  patrons  of  the  almanac  as  may  feel  disposed  to  obtain  information  on  the 
(  subject,  may  have  the  opportunity  to  consult  his  views." 

On  reading  this,  we  turned  with  strong  feelings  of  curiosity  to  the  scientific 
\nlice,  in  the  hope  of  being  informed  of  the  "  totally  new  class  of  proofs,  never  ! 
(  supposed  to  exist  by  the  immortal  Newton,  nor  by  any  other."     But  alas  ! 
J  imperfect  was  our  intellectual  vision,  that  we  looked  in  vain,  and  we  forced  o 
■  'es  with  those  others  who,  in  common  with  "the  immortal  Newton,"  not  only  S 
er  supposed  such  proofs  to  exist,  but  cannot  persuade  ourselves  even 
5  of  their  existence.     In  truth,  were  it  not  for  the  high  scientific  reputafio 
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Mr.  Murphy,  and  the  respect  we  entertain  for  the  discrimination  of  the  mem-  [ 

bers  of  the  N society,  who  elected  him  into  their  body,  we  would  pro-  , 

nounce  the  said  scientific  notice  to  be  as  sheer  and  unmitigated  nonsense  as  it  ■ 
has  ever  been  our  fortune  to  encounter.  As  matters  stand,  however,  we  mtist  i 
ascribe  all  to  the  feebleness  of  our  own  powers  compared  to  those  of  Mr.  Murphy.  | 

Having  thus  candidly  acknowledged  our  inability  to  comprehend  the  author's  , 
theory  of  meteoric  action,  the  sublimity  of  which  we  shall  not  be  so  presump-  | 
tuous  as  to  doubt,  much  less  to  dispute,  we  must  he  content  with  the  more  . 
humble  office  of  comparing  the  predictions  of  the  Weather  Almanac  with  the  S 
actual  phenomena,  so  far  as  time  has  converted  the  future  into  the  past,  j 
We  have  the  less  hesitation  in  adopting  this  test  of  the  validity  of  the  author's 
principles,  as  it  is  one  which  he  has  himself  courted. 

"  The  event  in  reference  to  thesa  predictions  being  thus  admitted  to  be  in 
some  degree  contingent,  it  may  be  asked — If  certainty  cannot  be  attached  to 
the  prediction,  of  what  use  can  it  be  ?     To  this  we  answer,  that  the  exceptions 
in  reference  to  the  predictions  as  marked  in  the  tables,  will,  it  is  anticipated,  f 
be  found  to  bear  but  a  small  proportion  to  the  remainder ;  and  in  our  turn  we  J 
shall  demand,  if,  in  nine  cases  out  of  ten,  the  event  he  found  to  correspond  J 
with  the  prediction,  does  it  follow,  because  one  of  the  anticipated  effects,  : 
set  down  in  the  table,  does  not  take  place,  that  the  public  is  to  remain  ignorant  > 
of  the  remaining  nine  1     For  if  an  objection  such  as  this  were  valid,  it  were  J 
the  same  to  say,  because  the  quadrature  of  the  circle  cannot  be  found,  that  the  j 
practical  parts  of  mathematics  should  be  abandoned  :  such  exceptior 
other  cases,  serve  but  the  more  fully  to  prove  the  rule,  as  to  the  correctness  \ 
of  the  principles  of  calculation  on  which  the  predictions  in  the  tables 
founded." 

Undoubtedly  nothing  could  be  mote  unreasonable  or  unphilosephical ;  n 
we  will  go  further,  and  will  admit  that  the  author  must  be  classed  among  the  great  / 
lights  of  the  age,  if  his  predictions  be  fulfilled  even  in  a  much  smaller  ratio  ) 
than  that  which  he  proposes.  Nothing  can  be  more  true  than  the  observation  \ 
with  which  he  concludes  Hs  preface  : — 

"  It  may  not,  however,  be  amiss  to  add,  in  regard  to  these  principles  of  cal- 
culation, that,  though  by  chance  the  state  of  the  weather  at  any  particular  time 
might  possiblj/  be  predicted,  (hat  it  is  quite  different  as  refers  to  a  number  of  > 
facts  :  as  to  attempt  to  follow  tl(e  sinuosities  of  the  weather  (as  in  the  present  J 
almanac)  from  fair  to  rain  and  from  rain  to  fair,  even  for  seven  days  . 
tively,  without  the  aid  of  correct  principles,  were  about  the  same  as  to  attempt  ^ 
a  discourse  in  an  unknown  tongue  ;  the  thing  never  having  been  done  before,  i 
and  for  a  sufficiently  simple  reason,  because  it  was  utterly  impossible." 

Let  us  see  whether  the  author  has  "  followed  the  sinuosities  of  the  weather" 
even  for  three  days  successively. 

We  have  before  us,  on  the  one  hand,  the  predictions  of  the  Weather  Alma- 
nac for  the  first  forty-eight  days  of  the  present  year,  and  on  the  other,  the  Me- 
teorological Journal,  kept  by  order  of  the  council  of  the  Royal  Society  during  I 
that  time.     We  shall  resolve  these  forty-eight  days  into  three  classes;   1st,  j 
Those  on  which  the  wea.lhei  fulfilled  the  prediction  ;  2d,  Those  on  which  the  j 
weather  did  not  fulfil  the  prediction ;  and,  3d,  Those  for  which  no  prediction  J 
was  made,  which,  as  we  have  already  shown,  is  the  case  of  all  those  days  ti 
which  changeible  is  annexed. 

In  deciding  whether  the  prediction  has  been  fulfilled  or  no; , 
careful  to  follow  those  explanations  of  his  terms  which  the  author  has 
properly  given  m  his  preface  ;  and  when  the  character  of  the  day,  as  recorded  ? 
in  the  journal  of  the  Royal  Society,  has  been  doubtful,  as  compared  with  tlie  > 
prediction,  w  e  have  given  the  author  the  bgoefit  of  it : — 
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I  twenty ; 


Prediction  fulfilled— Jan.  7,  8,  12,  13,  19,  20,  26,  27,  28  ; 
[  13.     Number  of  days,  14. 

Prediction  not  fulfilled— Jan.  1,  2,  3,  9,  10,  11,  15,  16, 
fl  i  Feb.  3,  8,  12,  14,  16,  17.     Number  of  days,  20. 

No  prediction  made— Jan.  4,  5,  6,  14,  31,  33,  23,  39  ; 
.5.     Number  of  days,  14. 
Thus  it  appears  that,  of  forty-eight  days,  ihe  weather  co; 
i  prediction  on  fourteen ,  it  did  not  correspond  with  it  c 
(  fourteen  remaining  days  no  prediction  was  made. 

Now,  we  will  ask,  it  any  person  of  common  observation  acquainted  with  the 

\  climate  of  the  country,  were  to  anncc  to  each  of  the  first  forty-eight  siiccea- 

"    J  days  of  the  year  at  hazard,  the  characters  of  weather  generally  found  to 

\  prevail  at  that  season,  whether  lie  would 'not,  according  to  all  probability,  be 

ight  in  a  greater  number  of  t-ases  than  fourteen  in  forty-eight,  that  is,  one  case 

n  three  and  a  half? 

The  predictions  of  the  'Weather  Almanac,  then,  fail  in  seventeen  cases 
)ut  of  twenty-four!  jet  this  is  the  production  which  the  public  bought,  at  a 
J  high  price,  by  the  hundred  thousand '  This  is  the  production  for  which  the  \ 
?  demand  was  so  urgent  aud  for  which  the  public  impatience  was  so  irrepre^i- 
l  ble,  that  the  shop  of  the  bookseller,  like  those  of  bakers  in  a  famine,  was 
j  obliged  to  be  prelected  b)  the  polii,e,  so  violent  was  the  demand  of  the  thou- 
J  sands  who  flocked  to  obtain  it ! 

By  reference  to  the  above  table  it  will  be  seen,  that  there  is  no  case  in  which  J 
he  predictions  have  been  fulfilled,  even  for  three  successive  days,  except  from  > 
\  the  36th  to  the  28th  of  January  inclusive.     Even   in  that   case,  the  prediction  ^ 
J  for  tbe  26th  agrees  but  imperfectly  with  the  event ;  the  prediction  he'iag  fair, 
\  without  mention  of  wind  or  frost,  while  the  Meteorological  Journal  says  over- 
i  cast ;  brisk  wmd  the  whole  day ;  sharp  frost.     Much  of  the  attention  this  pub- 
\  lication  received  has  been   ascribed  to  the  supposed  fulfilment  of  the   pre- 
}  diction  for  the  30th  of  January,  which  is  marked  in  the  Weather  Ahnanac  as 
<  the  lowest  winter  temperature.     This  was  a  fortuitous  coincidence,  such  as 
)  happens  frequently  in  other  cases,  as  in  the  fulfilment  of  dreams,  &c.     We 
shall  not  insist  here  on  the  fact,  that  the  20th  was  not  the  day  of  the  greatest 
j  cold  by  the  diary  of  the  Royal  Society,  since  the  thermometer  fell  a  little  lower  j 
in  the  16th,  because  we  think  it  really  unimportant.* 
But  it  may  be  said,  that,  although  the  prediction  has  failed  as  to  the  exact  { 
i  time  at  which  the  several  changes  took  place,  yet,  in  the  main,  the  changes  ^ 
I  predicted  liid  take  place,  and  that  the  prediction  "  followed  the  sinuosities  of  < 
\  the  weather." 

Let  us,  then,  see  how  far  the  predictions  in  the  Weaiiier  Almanac  will  bea 
a  comparison  with  the  ac 


S  Actual  succession  of  changes. 
Number  of  days. 
6  Mild  and  warm. 
14  Frost. 

3  Thaw. 

4  Frost. 
4  Thaw. 
6  Frost. 
3  Thaw. 


of  changes. 
Succession  of  changes  predicted. 
Number  of  days. 
3  Frost. 
3  Changeable. 
7  Frost. 

1  Changeable. 
6  Frost. 

3  Changeable. 

2  Rain. 
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3  Frost. 

1  Changeable. 

1  Rain. 

2  Frost. 

1  Changeable. 

1  Rain. 

2  Changeable. 
1  Fair. 

1  Changeable. 

2  Rain. 
1  Fair. 

1  Changeable. 

1  Rain  and  wind. 

1  Fair. 

1  Rain  and  wind. 

1  Changeable. 

1  Rain. 

1  Fair  and  frost. 


We  shall  leave  it  to  the  skill  of  our  readers  to  discover  where  the  correspond- 
ince  lies  between  "  the  sinuosities  of  the  weather,"  and  the  sinuosities  of  Mr.  \ 
\  Murphy's  piediciions.     Dismissing  this  very  absurd  publication,  to  which  v 
I  have  given  more  space  than  it  deserves,  we  shall  merely  add,  that  it  is  not  tl 
>  only  production  of  the  kind  which  public  credulity  fostered  into  life.     B 
j  sides  the  eternal  Francis  Moore,  physician,  we  had  also  the  Meteorological  ^ 
I  Almanac,  and  Farmers'  and  Shipmasters'  Guide,  containing  the  general  charac- 
er  of  the  weather  all  through  the  year  1838,  by  Lieutenant  Morrison,  R.N., 
dember  of  the  London  Meteorological  Society,  and  numerous  others. 
Without  further  discussing  the  prognostications  of  such  persons,  or  compar- 
\  ing  them  with  facts,  we  shall  merely  ask  those  who  appear  lo  afford  them  so 
J  easy  faith,  to  consider  the  nature  of  the  physical  questions  pretended  to  be 
i  solved,  and  the  qualifications  of  those  who  profess  to  have  solved  them.     The 
}  investigation  of  the  causes  which  affect  the  atmosphere  and  produce  the  vicis- 
?  situdes  of  temperature  and  of  drought,  is  a  problem  of  transcendent  diificulty,  i 

he  solution  of  which  even  the  most  extensive  powers  of  modern  science  are 
i  inadequate.  It  is  a  problem  to  which,  hitherto,  scarcely  an  approximation  has 
[  been  made,  even  by  the  most  eminent  natural  philosophers  ;  and,  as  it  is  one  of 
?  the  details  of  which  the  public  in  general  cannot  be  expected  to  understand, 
}  they  can  only  regulate  the  confidence  which  they  will  place  in  its  pretended  j 
?  solutions  by  the  reputation  and  authority  of  those  who  propound  them. 

Who,  then,  it  may  be  asked,  are  the  persons  that  put  forth  those  predictions  ; 
,nd  on  what  grounds  do  they  ask  the  faith  of  the  public  ?     Among  these  prog- 
J  nosticators,  is  any  name  found  holding  a  respectable  rank  in  the  community  of  ( 
\  science  ?     What  have  the  labors  and  researches  of  these  persons  contributed  i 
0  the  actual  advancement  of  our  knowledge  of  nature  ?     What  are  the  works  i 
\  on  which  their  reputations  are  founded  ?     Do  these  weather-prophets  possess  J 
I  any  of  the  recognised  qualifications,  founded  on  education  and  previous  attain- 
\  jnents  which  would  fit  them  for  encountering  such  a  problem  ?     What  learned 
I  societies  in  Europe  have  these  pretenders  enriched  by  their  labors  ?     Where  ( 

are  the  transactions  in  which  their  investigations  and  discoveries  have  appeared  ? 
■  These  questions  would  be  answered  by  a  mere  enumeration  of  their  names — 
J  namesutterlyunknowninphilosophyorleiters.  It  would  be  answered  that  among  J 
J  them  there  is  found  not  one  individual  whose  presence  would  be  tolerated  i 
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scientific  reunion  in  Europe.     Such  are  the  class  of  persons  to  whom  the  l 
(  public,  iiirhe  contemptuous  silence  of  t!ie  greai  leaders  and  guides  of  sciei 
a  every  part  of  the  world,  surrendered  their  faith. 

As  tie  subject  of  this  article  has  given  us  occasion  to  notice  the  late  vis 
ion  of  cold,  it  may  be  not  uninteresting  to  compare  the  particulars  of  that  j 
<  of  the  season  with  similar  events  in  former  years. 

The  weather  in  London,  from  last  Christmas  until  the  seventh  of  January,  j 
tms  remarkably  fine  and  mild.     During  the  first  four  days  of  January,  the  ther- 
)  momeler  was  never  lower  than  40  degrees,  and  ranged  between  that  and  50  tie- 
'     rees.     On  the  6th  it  fell  to  32  degrees,  between  which  and  38  degrees  it  ranged  J 
n  that  day.     On  the  7lh  the  severe  frost  commenced,  the  thermometer,  how- 
ver,  being  rather  higher  on  that  than  on  the  preceding  day.     But  on  the  fol- 
(wing  day  (the  8thJ  the  frost  became  rigorous,  the  thermometer  falling  more  i 
I  than  four  degrees  below  the  freezing  point.     The  temperature  continued  to  fall  i 
I  until  the  i6th,  when  it  attained  the  minimum — the  thermometer  then  having  I 
J  descended  to  11-4  degrees,  which  is  twenty  degrees  and  a  half  below  the  freez-  j 
\  ing  point.     A  very  slight  increase  of  temperature  succeeded  for  the  nest  three  j 
J  days,  when,  on  the  20th,  the  temperature  again  fell  to  11^  degrees  of  the  ther 
)  mometer.     On  that  day  the  thermometer  ranged  between  that  temperature  ani 
J  21  degrees  (eleven  degrees  below  the  freezing  point).     This  was  the  day  of  j 
)  greatest  average  cold,  though,  strictly  speaking,  it  was  not  the  day  on  which  j 
J  the  temperature  was  lowest.     On  the  32d  and  23d,  the  thermometer  rose  to  1 
}  above  40  degrees,  and  a  rapid  thaw  ensued ;  which,  however,  was  succeeded  ( 
S  by  a  return  of  frost— the  thermometer  again  falling  seven  or  eight  degrees  be- 
)  low  the  freezing  point.     On  the  29th  commenced  a  rapid  thaw,  the  thermome- 
}  ter  rising  to  44  degrees  on  the  30th.     Frost  succeeded  this  on  the  1  st  of  Feb-  i 
?  ruary,  which  continued  until  the  6tii,  when  it  was  succeeded  by  a  thaw,  which  < 
J  continued  through  the  7th,  8th,  and  9th.     On  the  10th  the  frost  recommenced, 
ind  has  continued  to  the  moment  of  writing  these  observations  (the  17th). 

Thus  between  the  7th  of  January  and  the  17th  of  February,  the  lowest  point  j 
;o  which  the  temperature  fell  was  11^  degrees,  which  it  attained  twice — name-  ( 
I  ly,  on  the  16th  and  20th.  The  average  of  the  lowest  daily  temperature  i 
\  throughout  this  periods  was  25^  ;  the  average  of  the  highest  daily  temperature  j 
36f. 
'hroughout  this  frost  there  was  so  little  snow  that  the  face  of  the  ground  w 
....  covered  and  jirotected,  and  vegetables  were,  consequently,  exposed  t( 
\  temperature  so  rigorous  as  to  occasion  extensive  destruction  of  the  products  of  ( 
)  the  garden.  S 

{       The  last  severe  frost  with  which  this  can  be  compared  occurred  in  January,  ( 
i  1^26.     On  the  8th  of  that  month  the  thermnmeter  fell  one  degree  below  the 
\  freezing  point,  and  on  the  16th  it  stood  at  17  degrees  at  9  in  the  morning — be- 
J  ing  fifteen  degrees  below  the  freezing  point,  the  lowest  temperature  recorded  ) 
\  since  that  day  to  the  present  time.     The  frost  terminated  on  the  18th,  the  ther-  ' 
i  mometer  then  rising  to  36  degrees. 

(       This  frost  of  1826  can  only  be  compared  to  the  recent  cold  in  the  extreme 
J  of  its  temperature,  its  duration  having  been  only  ten  days. 
}       A  severe  frost  took  place  in  January,  1814,  which  continued  throughout  that 
j  month,  and  did  not  terminate  until  the  6th  of  February.     The  lowest  tempera-  ; 
(  ture  recorded  during  this  frost  is  17  degrees,  which  was  the  temperature  at  8 
'q  the  morning  on  the  1 0th.     The  greatest  height  of  the  thermometer  thro ugh- 
jut  the  month  of  January  was  40  degrees,  and  the  mean  temperature  of  the  j 
[  month  was  2808.     This  frost,  therefore,  in  its  duration,  was  less  than  the  late  \ 
(  frost ;  the  lowest  and  mean  temperatures  were  also  lower  in  the  present  ye; 
S  than  in  1814. 
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In  January,  1795,  there  occurred  a  frost  which,  for  rigor  and  continuance,  { 
exceeded  the  present.  The  mean  temperature  during  that  month  was  about  36  ( 
degrees,  and  on  the  25th  of  the  month  the  thermometer  stood  at  7  degrees —  I 
being  25  degrees  below  tlie  freezing  point.  The  mean  temperature  during  the  j 
frost  was  about  the  same  as  during  the  present,  but  the  extreme  temperature  j 
WM  four  degrees  lower.  Since  1795  till  the  present  time — a  period  of  forty-  \ 
two  years — there  has  been  no  cold  of  intensity  and  duration  equal  to  the  pres- 

Since  the  preceding  observations  were  sent  to  press,  we  have  received  a 
journal  of  the  state  of  the  weather  during  the  last  month  in  Paris,  the  particu- 
lars of  which  may  not  be  uninteresting  to  compare  with  the  corresponding  phe- 
nomena in  London,  As  in  London,  the  first  days  of  the  month  were  mild  and 
fair,  the  thermometer  ranging  from  the  first  to  the  sixth  between  334  degrees 
and  39  degrees.  On  the  seventh,  as  in  London,  the  frost  commenced,  and  the  \ 
thermometer  gradually  fell  until  the  fourteenth,  on  which  day  the  maximum 
temperature  was  13  degrees,  and  the  minimum  4  degrees. 

The  thermometer  rose  on  the  fifteenth,  but  afterward  gradually  fell  until  the 
twentieth,  when  it  attained  the  lowest  temperature  of  the  month.     On  that  day  j 
the  highest  temperature  was  21  degrees  below  the  freezing  point,  and  the  low- 
est was  34  degrees  below  it. 

The  mean  maximum  temperature  from  the  first  to  the  tenth  was  33^  degrees, 
and  the  mean  minimum  was  27  degrees. 

The  mean  maximum  temperature  from  the  eleventh  to  the  twentieth  was  19  > 

degrees,  and  the  mean  minimum  temperature  was  8  degrees.  { 

The  mean  maximum  temperature  from  the  twenty-first  to  the  thirty-first  was  j 

35  degrees,  and  the  mean  minimum  temperature  was  21  degrees.  J 

The  mean  maximum  temperature  throughout  the  month  was  35.  degrees,  and  ) 

the  mean  minimum  temperature  was  18  degrees.  j 

The  absolute  mean  temperature  of  the  month  was  a  little  under  2t  degrees,  i 

The  fourth  and  fifth  of  the  month  were  attended  with  a  thick  fog,  followed  J 

by  a  clouded  sky  on  the  sixth  and  seventh.     Between  the  seventh  and  twelfth  S 

there  occurred  a  fall  of  snow,  followed   by  almost  continuous  fair  weather  J 

till  the  twenty-fifth.     The  last  six  days  of  the  month  were  cloudy.  > 

From  a  comparison  of  these  particulars  with  those  of  the  weather  in  London,  J 

it  will  be  perceived  :hat  the  day  of  the  greatest  cold  was  the  twentieth  in  both  J 

places,  but  that  the  minimum  temperature  was  much  lower  in  Paris.     In  London  j 

the  thermometer  fell  on  the  twentieth  20  degrees  below  the  freezing  point,  but  j 

J  in  Paris  it  fell  on  the  same  day  34  degrees  below  it.     In  London,  the  highest  < 

(  temperature  on  the  twentieth  was  1 1  degrees  below  the  freezing  point ;  in  Paris  ) 

J  the  highest  temperature  on  the  same  day  was  31  degrees  below  it.     In  London  j 

^  the  mean  temperature  of  the  month  was  1  degree  above  the  freezing  point ;  in  S 

J  Paris  it  was  8  degrees  below  it.  j 

(       It  will  be  perceived  that  the  severity  of  cold  in  Paris  was  in  every  point  of  ) 

J  view  greater  than  that  in  London.  j 

!       It  is  remarkable,  also,  that  the  frost  not  only  commenced  oa  the  same  day  in  ' 

J  Paris  as  in  London,  but  the  cold  varied  in  very  nearly  the  same  manner,  though  ) 

I  in  different  degrees.     The  increase  of  temperature  perceptible  in  London  on  j 

{  the  sixteenth,  commenced  in  Paris  on  the  fifteenth,  and  was  of  the  same  dura-  j 

(  tion.     On  the  twenty-second  and  twenfy-third  in  London,  the  thermometer  J 

)  rose  lo  above  40  degrees ;  and  on  the  same  day  in  Paris  it  likewise  rose  to  S 

(  above  40  degrees.     This  increase  of  temperature  was  in  like  manner  followed  j 

,  by  a  return  of  frost,  which  continued  till  the  twenty-ninth,  when  the  thermom-  j 

'  eter  rose  to  44  degrees  in  both  plac 
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The  subject  of  the  weather,  and  the  influences  which  are  snpposed   to  \ 
affect  it,  will  be  noticed  on  another  occasion,  when  I  shall  examine  in  all  the  f 
necessary    detail    the  question  of    the  supposed    influence  exerted   by   the 
phases  of  the  moon  upon  the  changes  of  the  weather. 
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For  the  civil  and  political  historian  the  paat  alone  has  existence — the  pres- 

jnt  he  rarely  apprehends,  the  future  never.     To  the  historian  of  science  it  is  J 
J  permitted,  however,  to  penetrate  the  depths  of  past  and  future  with  equal  clear- 
a  and  certainty ;  facts  to  come  are  to  him  as  present,  and  not  unfrequently  S 
:e  assured  than  facta  which  are  passed.     Although  this  clear  perception  of  ) 

_.._8es  and  consequences  characterizes  the  whole  domain  of  physical  science,  S 
J  and  clothes  the  natural  philosopher  with  powers  denied  to  the  political  and  I 
\  moral  inquirer,  yet  foreknowledge  is  eminently  the  privilege  of  the  astror 
5  Nature  has  raised  the  curtain  of  futurity,  and  displayed  before  him  the  s 

n  of  her  decrees,  so  far  as  they  effect  the  physical  universe,  for  countless  j 
i  ages  to  come  ;  and  the  revelations  of  which  she  has  made  him  the  ii 

are  supported  and  verified  by  a  never-ceaaing  train  of  predictions  fulfilled. 

"  shown  U3  die  things  which  will  be  hereafter,"  not  obscurely  shadowed  o 
\  figures  and  in  parables,  as  must  necessarily  be  the  case  with  other  revelations,  but  J 
5  attended  with  the  most  minute  precision  of  time,  place,  and  circumstance. 
\  converts  the  hours  as  they  roll  into  an  ever-present   miracle,  in  attestation  J 
J  of  those  laws  which  his  Creator  through  him  has  unfolded ;  the  s 
)  rise — the  moon  cannot  wane — a  star  cannot  twinkle  in  the  firmament,  without  j 
J  bearing  witness  to  the  truth  of  his  prophetic  records.     It  has  |" 
?  "  Lord  and  Governor"  of  the  world,  in  his  inscrutable  wisdom,  ti 
i  inquiries  into  the  nature  and  proximate  cause  of  that  wonderful  facultj'  of  intel- 
j  loct — that  image  of  his  own  essence  which  he  has  conferred  upon  us  ;  nay, 
}  the  springs  and  wheelwork  of  animal  and  vegetable  vitality  are  concealed  from  ( 
(  our  view  by  an  impenetrable  veil,  and  the  pride  of  philosophy  is  humbled  by  S 
j  the  spectacle  of  the  physiologist  bending  in  fruitless  ardor  over  the  disseclio 
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J  of  the  human  btain,  and  peering  in  equally  unproductive  inquiry  over  the  gam- 
j  hols  of  an  animalcule.  But  how  nobly  is  the  darkness  which  envelopes  mei^- 
)  physical  inquiries  compensated  by  the  flood  of  light  which  is  shed  upon  the 
;  physical  creation !  There  all  is  harmony,  and  order,  and  majesty,  and  beautj'. 
)  From  the  chaos  of  social  and  political  phenomena  exhibited  in  human  records — 
5  phenomena  unconnected  to  our  imperfect  vision  by  any  discoverable  law,  a  war 
>  of  passions  and  prejudices,  governed  by  no  apparent  purpose,  tending  to  no  ap- 
J  parent  end,  and  setting  all  intelligible  order  at  defiance — how  soothing  and  yet 
■  V  elevating  it  is  to  turn  to  the  splendid  spectacle  which  ofi'ers  itself  to  the 
I  habitual  conlemplation  of  the  astronomer !  How  favorable  to  the  development 
I  of  all  the  best  and  highest  feelings  of  the  soui  are  such  objects !  The  only 
5  passion  they  inspire  being  the  love  of  truth,  and  the  chiefesl  pleasure  of  their 
ries  arising  from  excursions  through  the  imposing  scenery  of  the  universe — 
J  scenery  on  a  sc^e  of  grandeur  and  magnificence,  compared  with  which  whatever 
ire  accustomed  to  call  sublimity  on  our  planet,  dwindles  into  ridiculous  insig- 
(  nificancy.  Most  justly  has  it  been  said,  that  nature  has  implanted  in  our  bosoms 
a  craving  aiter  ihe  discovery  of  troth,  and  assuredly  that  glorious  instinct  is' 
never  more  irresistibly  awakened  then  when  out  notice  is  directed  to  what  is 
{  going  on  in  the  heavens.  "  Quoniam  eadem  Natura  cupiditatom  ingenuil  homi- 
S  nibus  veri  inveniendi,  quod  facillime  apparet,  cum  vacui  curis,  etiam  quid  in 
\  ccelo  fiat,  scire  avemus ;  his  initiis  inducti  omnia  vera  diligimus  ;  id  est,  fidelia, 
iimplicia,  consianiia  ;  tum  vana,  falsa,  fallentia  odimus."  ' 
Among  the  multitude  of  appearances  which  succeed  each  other  in  their  ap- 
J  pointed  order,  and  of  the  times  and  manner  of  which  the  perfect  knowledge 
I  of  the  astronomer  enables  him  to  bdverlise  us,  there  are  some  which  more 
I  powerfully  seize  upon  the  popular  mind,  as  well  by  reason  of  their  infrequency 
(  and  the  extraordinary  circumstances  which  attend  them,  as  by  the  imaginary 
)  consequences  with  which  ignorance  and  superstition  have,  in  times  past  and 
\  present,  invested  them.  Among  these.  Solar  Eclipses  had  a  prominent  place  ; 
J  but  a  still  more  interesting  position  must  be  assigned  to  Comets. 

It  is  well  known  that  the  solar  system,  of  which  our  planet  forms  a  part,  con- 
sists of  a  number  of  smaller  bodies  revolving  in  paths,  which  are  very  nearly 
IT  ula      ound  the  great  mass  of  the  sun  placed  in  the  centre.     These  paths, 
b  ts  are  very  nearly  in  the  same  plane ;  that  is  to  say,  if  the  earth,  for 
mpl     be  conceived  to  be  moving  on  a  flat  surface,  extended  as  well  beyond 
b    as  within  it,  then  the  other  planets  never  depart  much  above  or  below 
h     pi       -A  spectator  placed  upon  the  earth  keeps  within  his  view  each  of 
h       h     planets  of  the  system  throughout  nearly  the  whole  of  its  course.     In- 
d    d    h    e  is  no  part  of  the  orbit  of  any  planet  in  which,  at  tome  time  or  other, 
m      n  t  be  seen  from  the  earth.     Every  point  of  the  path  of  each  planet 
n  h      fore  be  observed ;  and  although  without  waiting  for  such  observation 
might  be  determined,  yel  it  is  material  here  to  attend  to  the  fact,  that 
h    wh  1    orbit  maybe  submitted  to  direct  observation.     The  diff'erent  planets 
I  also  present  peculiar  features  by  which  each  may  be  distinguished.     Thus  they 
e  observed  to  be  spherical  bodies  of  various  magnitudes.     The  surfaces  of 
J  some  are  marked  by  peculiar  modes  of  light  and  shade,  which,  although  varia- 
1  ble  and  shifting,  still,  in  each  case,  possess  some  prevailing  and  permanent 
1  characters  by  which  the  identity  of  the  object  may  be  established,  even  were 
f  there  no  other  means  of  determining  it.     The  sun  is  the  common  centre  of  at- 
\  traction,  the  physical  bond  by  which  this  planetary  family  are  united,  and  pre- 
J  vented  from  wandering  independently  through  the  abyss  of  space.     Each  planet 
\  thus  revolving  in  a  circle,  has  the  same  tendency  to  fly  from  the  centre  that  a 
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,  stone  has  when  whirled  in  a  sling.  Why,  then,  it  will  be  asked,  do  not  the 
'  planets  yield  to  this  natural  tendency  ?  What  enables  them  to  resist  it  ?  To 
!  this  question  no  satisfactory  answer  can  be  given  ;  but  the  fact  that  the  tendency  i 
s  resisted,  being  certain,  the  exisience  of  some  physical  principle  in  which  \ 
he  means  of  such  resistance  resides,  is  proved.  As  the  tendency  to  fly  off  is  | 
f  directed  from  the  centre  of  the  sun,  the  opposing  physical  influence  must  con-  ■ 
i  sequently  be  directed  toward  that  centre.  This  central  influence  is  what  has  ' 
'  been  called  gravitation.     Although  we  are  still  ignorant  of  the  nature  or  proxi- 

auae  of  this  force,  and  of  its  modus  operandi,  we  have  obtained  a  per-  ' 
)  feet  knowledge  of  the  laws  by  which  it  acts ;  and  this  is  all  that  is  necessary 
i  or  material  to  enable  us  to  follow  out  its  consequences.     By  virtue  of  this  force  [ 
j  of  gravitation,  then,  the  planetary  masses  receive  a  tendency  to  drop  toward  I 

I,  which  tendency  equilibrates  with  the  opposite  tendency  to  fly  a 
)  produced  by  their  orbitual  motion.     On  the  ejtact  equilibrium  of  these  twi 

ite  physical  principles,  depends  the  stability  of  the  system.     If  the  centrif-  ' 

^  I  tendency  proceeding  from  the  orbitual  motion  were  in  excess,  the  planets 

)  would  fall  off  from  the  central  body,  and  depart  for  ever  into  the  depths  of  space ;  ) 

n  the  other  hand,  the  central  influence,  or  gravitation  toward  the  sim,  ex-  < 

isted  in  excess,  these  bodies  would  gradually  approach  that  luminary,  and  finally  j 

[  coalesce  with  his  mass. 

Besides  these  bodies,  the  greater  part  of  which  have  been  long  known,  t 
he  motions  of  most  of  which  have  been  in  some  degree  understood,  even  from  ] 
emote  antiquity,  there  is  a  still  more  numerous  cl  bj  wh  pp 

mces  in  the  system  were  of  such  a  nature  as  to  defy  h    pow        t  phil 
p  cal  inquiry,  until  these  powers  received  that  pr  d  f  f 

\  which  was  conferred  upon  tliem  by  the  discoveries      N  w  U  1  k   pi 

s  do  not  present  to  us  those  individual  cha  b  <!   i*)   i 

J  which  their  identity  maybe  determined.     None  of   h  mh        b  1 

)  rily  ascertained  to  be  spherical  bodies,  nor  indeed       h  y  d  fi  h  p 

irtain  that  many  of  them  possess  no  solid  m  I 

J  sisting  entirely  of  aeriform  or  vaporous  substance         h  rr      d  d 

)  with  this  vaporous  matter,  that  it  is  impossible,  by      y  m  f    b 

J  which  we  possess,  to  discover  whetlier  this  vapor  sh  ouda  within  it  any  solid  5 
ass.  The  same  vapor  which  thus  envelopes  the  body  (if  such  there  be  wit! 
it),  also  conceals  from  us  its  features  and  individual  character.  Even  tl 
J  limits  of  the  vapor  itself  are  subject  to  great  change  in  each  individual  come 
i  Within  a  few  days  they  are  sometimes  observed  to  increase  or  diminish  son 
[  hundred  fold.  A  comet  appearing  at  distant  intervals,  presents,  therefore,  i 
)  very  obvious  means  of  recognition.     A  like  extent  of  surrounding  vapor  would  \ 

evidently  be  a  fallible  test  of  identity ;  and  not  less  inconclusive  would  it  be  to 
)  infer  diversity  from  a  difierent  extent  of  nebulosity. 

Tf  a  comet,  like  a  planet,  revolved  round  the  sun  in  an  orbit  nearly  circular, 

night  be  seen  in  every  part  of  its  path,  and  its  identity  might  thus  be  eslab- 

j  lished  independently  of  any  peculiar  characters  in  its  appearance.     But  such  i 

the  course  which  comets  are  observed  to  take.     These  bodies  usually  S 

(erved  to  rush  into  our  system  suddenly  and  unexpectedly,  from  s 

!  particular  quarter  of  the  universe.     They  first  follow  in  a  straight  hne,  or  nearly  ) 

course  by  which  they  entered ;  and  this  course  is  commonly  directed  J 

e  point  not  far  removed  from  the  sun.     As  they  approach  that  luminary,  i 

t  their  path  becomes  curved ;  at  lirst  slightly,  but  afterward  more  and  more ;  the  j 

S  curve  being  concave  toward  the  sun.     Haiing  arrived  at  a  certain  least  c 

B  from  the  centre  of  our  system,  they  again  begin  to  recede  from  the  s 

as  their  distance  increases,  their  path  becomes  less  and  less  curved  ;   until  } 

it  length  they  shoot  ofi"  in  a  straight  course,  and  make  their  exit  from  oi 
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wholly  different  from  that  from  v 


e  of  the  planets  depart  much  above  or  below  the 

t  ia  quite  otherwise  with  comets,  which  follow  n< 

Some  of  them  sweep  the  system  nearly  in  ihi 

e  ;  others  rush  through  it  m  curves,  oblique  ii 


3  perpendicular  t( 

Q      Comets,  on  the  other 

i  direction  and  some  in 


(  tern  toward  s 

We  have  stated  that  i 
i  plane  of  the  earth's  orbit ; 
(  certain  law  in  this  respect. 
1  plane  in  which  the  planets 
I  various  degrees  to  this  p!ar 

>  The  planets  also  move  rouna  tne  sur 
(  hand,  rebel  against  this  law,  and  i 
f  another. 

So  far  then  as  observation  informs  us,  we  are  left  to  decide  1 

J  suppositions;   !.  That  the  comet  has  entered  the  system  for  the  first  time  ;  and  j 

c  that  having  swept  behind  the  sun,  it  has  emerged  in  a  different  direction,  t 

o  return ;  2.  That  it  moves  in  a  large  orbit,  of  which  the  sun  is  not  the 

re,  but,  on  the  contrary,  ia  placed  very  near  the  path  of  the  body  itself;  that  ? 

he  comet  is  visible  only  in  that  pan  of  its  orbit  which  is  in  the  immediate  J 

leighborhood  of  the  sun,  but  is  invisible  throughout  that  large  part,  which  per-  ?] 

laps  extends,  through  depths  of  space,  far  beyond  our  most  remote  planet.     If  )i 

5  the  latter  supposition  be  adopted,  it  would  follow  that  the  same  comet,  after  ! 

S  emerging  from  our  system,  would,  after  the  lapse  of  a  certain  time,  return  to  it,   ' 

[  and  pursue  the  same  path,  or  nearly  the  same  path,  round  the  sun  as  before,  t 

J  If  then  we  find,  after  the  lapse  of  a  certain  time,  a  comet  following  the  same  5 

i  path  while  visible,  as  a  former   comet  was  observed   to  follow,  we  infer  that  < 

)  they  also  followed  the  same  path  during  that  much  longer  period  in  which  they  ) 

(  were  beyond  the  Sphere  of  our  obaervation,  and  consequently  we  infer,  with  a  C 

S  high  degre,e  of  probability,  that  the  comets  which  thus  follow  precisely  the  J 

e  track,  must  be  the  same  comet.     We  say  with  probability,  because  there  ( 

I  possibility,  although  it  be  a  bare  possibility,  ihal  two  different  comets  ) 

(  should  move  precisely  in  the  same  orbit. 

>  Now,  let  us  suppose  tha^  during  the  appearance  of  a  comet,  its  path  from  } 
I  day  to  day,  or  perhaps  from  hour  to  hour,  is  so  carefully  observed,  that  v 

S  could   delineate  it  with  a  corresponding  degree  of   accuracy  in    any  plan 

J  model  of  the  system.     This  path  would,  as  we  have  seen,  form  a  very  small  ? 

>  fragment  of  its  entire  orbit ;  bnt  if  the  nature  of  that  orbit  were  known,  the  f 
J  principles  of  geometry  would  also  enable  us  to  complete  the  curve.     Thus,  ■ 

a  small  arc  of  a  large  circle  be  traced  upon  paper,  every  one  conversant  wii 
(  geometry  will  be  able  to  complete  the  circle,  even  though  he  be  not  told  with  ] 
)  what  centre  the  small  arc  was  described,  or  with  what  length  of  radius.     It 
e  with  other  curves.     Newton  has  proved  that  every  mass  of  matter 
J  which  is  moved  through  the  system,  under  the  attracting  influence  of  the  sun, 

<  must,  by  its  motion,  trace  one  or  other  of  those  curves  called  conic  sections; 
ind  that  the  curve  must  be  so  placed,  that  the  centre  of  the  sun  shall  be  in  that 

5  point  which  is  called  hsfociis.     Now,  conic  sections  are  of  three  kinds  ;  the 

>  ellipse,  which  is  a  curve  of  oval  form,  such  that  a  point  moving  on  it  would  re- 
same  course  every  revolution.     But  the  other  two  species  (called  the 

i   parabola  and  hyperbola),  consist  of  two  branches  diverging  from  their  point  of   J 
j  connexion  in  two  different  directions,  and  proceeding  in  those  directions  with- 
T  again  reuniting.     If  a  body  (as  it  might  do  by  the  established  law  of 

<  gravitation)  entered  our  system  by  one  branch  of  such  a  curve,  it  would,  after  J 
)  sweeping  behind  the  sun,  emerge  by  the  other  branch  never  to  return.     Thus  it 

J  appears,  that  either  of  the  two  suppoailjons  which  we  have  just  made,  would  be  ( 
)  compatible  with  the  lawof  gravitation;  and  it  is  possible  that  si 
I  more  in  ellipses,  returning  continually  over  the  same  path  at  stated  intervals,  ■ 
[  while  others,  moving  in  parabolas,  or  hyperbolas,  entering  our  system  for  the  first  j 
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and  only  time,  would  emerge  from  it  in  another  direction,  and  quit  it  for  ever. 
It  will  perhaps  be  asked,  if  the  orbits  must  be  conic  sections,  with  the  siin  in  the 
focus,  how  is  it  that  the  planetary  orbits  are  considered  as  circles  ?  The  fact 
is,  the  planetary  orbits  are  not  strictly  circular,  though  very  nearly  so  ;  they 
are  ellipses,  which  are  so  slightly  oval,  that,  when  exhibited  in  a  drawing,  they 
would  not  be  perceived  to  be  so,  unless  their  length  and  breadth  were  ac- 
curately measured.  The  centre  of  the  sun,  also,  is  in  their  focus,  and  not  in 
their  centre  ;  but  owing  to  their  slightly  oval  form,  the  distance  of  the  focus 
from  the  centre  is  very  inconsiderable  compared  with  their  whole  magnitude. 

To  obtain  a  correct  notion  of  the  form  of  an  ellipse,  let  a  flexible  string  be 
attached  to  t*o  points,  such  as  A  and  B,  and  let  a  pencil  be  looped  in  it  so 
that  when  the  string  is  stretched  the  pencil  will  be  at  D  ;  the  string  extending 
from  A  to  D,  and  from  D  to  B.     Let  the  pencil  be  moved,  carrying  the  loop 


f  with  it.     It  will  pass  successively  to  the  points  C,  E,  M,  &c.,  &c.,  describing  S 
[  the  oval  curve,  D,  C,  E,  M,  L.     This  curve  is  called  an  ethpse.     The  points  ( 

\  and  B  are  called  its  foci,  and  the  point  0,  at  the  middle  of  the  distance  A 

3,  is  called  its  centre.     The  ellipse  will  be  more  or  less  oval  as  the  string  is 

ess  or  greater  than  the  distance  A  B. 
Such  is  the  general  form  of  the  curves  in  which  the  comets  move.     If  the  ( 

intire  ellipse  except  the  pan  D,  I.,  G,  were  blotted  out,  it  would  be  very  dif-  | 
\  ficult  to  distinguish  the  arc  D,  L,  G,  from  that  of  a  parabola  or  hyperbola. 

On  the  appearance  of  a  comet  then,  the  first  question  which  presents  itself  j 
\  to  the  astronomical  inquirer  is,  whether  the  same  comet  has  ever  appeared  be-  ( 
?  and  the  only, means  which  he  possesses  of  answering  this  inquiry  is,  by  J 
I  ascertaining,  from  such  observations  as  may  be  made  during  its  appearance, 
)  the  exact  path  it  follows  ;  and  this  being  known,  to  discover,  by  the  principles 
\  of  geometry,  the  nature  of  its  orbit.  If  the  orbit  be  found  to  be  an  ellipse,  then  ( 
5  the  return  of  the  comet  would  be  certain,  and  the  lime  of  the  return  would  be  1 
?  known  by  the  magnitude  of  the  ellipse.  If  the  path,  on  the  other  hand,  should  { 
I  appear  to  be  either  a  parabola  or  hyperbola,  then  it  would  be  equally  cf 
(  the  comet  had  never  been  before  in  our  system,  and  would  never  reitJ 
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a  difficulty  of  a  peculiar  nature  obstructs  tite  solution  of  this  question 

J  It  so  happens  that  the  only  part  of  the  course  of  a.  comet  which  ever  can  be 

5  Tisible,  is  a  portion  such  as  D,  L,  G,  throughout  which  the  ellipse,  the  para- 

ola,  and  hyperbola  so  closely  resemble  one  another,  that  no  observation'^  can 

e  obtained  with  sufficient  accuracy  to  enable  us  to  distinguish  one  from  ilie  j 

J  other.     In  fact,  the  observed  path  of  any  comet,  while  visible,  may  mdiifer-  } 

<  ently  belong  to  an  ellipse,  parabola,  or  hyperbola. 
)       There  is,  nevertheless,  a  certain  degree  of  definiteness  in  the  observed  / 
J  course  of  the  body,  which,  although  insufficient  to  enable  us  to  say  what  the  J 

e  of  the  entire  oibit  may  be,  is  still  sufficiently  exact  to  enable  us  to 

<  ognise  ant/  other  comet,  which  moves,  while  visible,  nearly  in  the  same  coi 
)  If  then,  after  the  lapse  of  a  certain  time,  a  comet  should  be  found  follo\ 

se,  there  would  be  a  strong  presumption  that  it  is  the  same  come 
)  turning  again  to  our  system,  after  having  traversed  the  invisible  part  of  its  ) 
{  orbit.  This  probability  would  be  strengthened,  if,  on  the  two  occasions, 
?  body  shoidd  present  a  similar  appearance  ;  although  this  is  not  essential  to 
J  identity,  since,  as  has  been  stated,  the  same  comet  is  observed  to  undergo  c 
\  siderable  changes,  even  during  a  single  appearance. 

The  time  between  the  appearances  of  comets  following  nearly  the  same  p 
)  being  noted,  the  interval — the  identity  of  the  bodies  being  assumed — ir 
J  either  consist  of  a  single  period,  or  of  two  or  more  complete  periods.     The  J 
)  epoch  which  is  usually  taken  aa  the  commencement  of  a  new  revolution  being  } 
J  the  instant  of  time  at  which  the  comet  is  at  its  least  distance  from  the  sun,  the  J 
)  place  of  the  comet  at  that  moment  is  called  its  perihelion.     The  period  of  a 
:omet  may,  therefore,  be  defined  lo  be  the  interval  of  time  between  two  suc- 
lessive  arrivals  at  its  perihelion. 

Having  succeeded  in  identifying  the  path  of  any  two  comets,  we  are  then 

n  a  condition  to  predict  with  some  degree  of  probability  the  time  at  which  the  \ 

lext  appearance  may  be  expected.     It  is  cerfain^provi ding  that  it  be  the  s 

iomet — that  it  will  arrive  at  its  perihelion  after  the  same  interval  nearly ; 

J  that  it  may  arrive  at  half  the  interval,  or  a  third  of  ihe  interval,  or  any  other  S 

\  fraction  corresponding  lo  the  possible  number  of  unobserved  appearances  which  ( 

J  may  have  taken  place  in  the  interval  between  those  appearances  from  which  J 

'  IS  return  has  been  predicted.     The  times,  therefore,  at  which  the  comet  may  J 

e  looked  for  with  a  probability  of  finding  it,  may  without  difficulty  be  predicted ;  f 

Mid  if  it  has  been  a  conspicuous  body  in  the  heavens  on  the  occasion  of  its  ; 


J  former  appe; 

(  appearani 

J  escaped  obi 

•Suck 


probability  that  the  whole  interval  betw 
id  but   one  period,  ami   that  no  return   of  the  c 


n  thes 
net  had  I 


e  circumstances  which  may  have  been  conceived  to  ha 

when  the  idea  first  occurred  of  attempting  to  ascertain  the  } 
I  identity  of  former  comets,  and  to  discover  the  means  of  predicting  their  future  < 
J  return.     The  Principia  of  Newton,  which  kid  the  foundation  of  all  sound  a 
f  tronomical   science,  had  appeared  soon  after  the  middle  of  the  seventeenth  5 
S  century;  and  Halley,  the  contemporary  and  friend  of  Newton,  had  his  a 

laturally  directed  to  the  physical  inquiries  which  that  immortal  book  sug-  ■ 
d. 

,e  of  the  most  curious  and  interesting  of  these  questions  was  that  to  which 
LOW  allude.  Halley,  roferriug  to  the  records  of  all  former  observers, 
with  a  view  10  obtain  means  of  determining,  so  far  as  possible,  the  course 
of  former  comets,  succeeded  in  identifying  one  which  he  had  himself  ob-  . 
served  in   1682,  with  comets  which  had  appeared  on  several  former  < 

md  found,  that  the  interval  between  its   successive   returns  was   from  J 
75  to  76  years.     This  discovery  has  since  been  fully  confirmed,  and  the  c 


Hosted  by 


Google 


I  has  received  ihe  name  of  Halley's  comet.     We  now  propose  to  lay  before  the  J 

J  leader  ihe  history  of  this  celebrated  comet. 

In  retracing  the  history  of  a  body  of  this  nature  so  far  as  we  can  collect  it 

\  from  ancient  chroniclers  and  historians,  it  is  necessary  to  bear  in  mind  that 

\  the  terror  which  the  appearance  of  comets  inspired,  had  a  tendency  to  produce 
1  exaggeration  of  their  effects.  The  propensity  to  ascrihe  to  supernatural 
luses,  effects  which  the  understanding  fails  to  account  for,  has  rendered 
imets  peculiarly  objects  of  superstitious  terror.     They  have  been  accordingly 

<  regarded  in  past  ages  as  the  harbingers  of  war,  pestilence,' and  famine,  and  of 
)  all  the  greatest  scourges  which  have  visited  the  human  race.  But  more  es- 
(  pecialiy  they  have  presided  at  the  birth  and  death  of  the  most  celebrated 
}  heroes.     Thus,  a  conspicuous  body  of  this  kind  appeared  for  several  days  suc- 

;eeding  the  death  of  Julius  Csesar,  and  was  regarded  as  the  soul  of  that  iUus- 
.rioua  person  transferred  to  the  heavens.  Another  was  seen  at  Constantinople 
n  the  year  of  the  birth  of  Mohammed.  It  is  obvious,  that  under  the  influence 
}f  such  powerful  prejudices,  the  circumstances  attending  these  appearances 

<  would  naturally  be  amplified  and  exaggerated ;  and  the  probability  of  exag- 
i  geration  is  increased  by  the  fact  that  since  science  has  shed  its  light  upon  the 

vilized  world,  these  terrible  objects  have,  in  a  great  degree,  disappeared,  and 
imets  have  dwindled  for  the  most  part  into  very  insignificant  appe; 
!  One  of  the  ill  consequences  of  this  exaggeration  is,  that  it  greatly  ' 
I  the  dilliculty  of  identifying  the  bodies  which  have  been  described  with  those 
J  which  have  appeared  in  more  recent  times.  In  fact,  we  have  little  more  to 
\  guide  us  than  the  epochs  of  the  respective  appearances ;  and,  antecedently  to 
(  the  fifteenth  century,  we  possess  absolutely  no  other  evidence  of  the  identity 
>  of  these  bodies  except  the  record  of  their  appearance  at  the  times  at  which  we 
s  know,  from  their  ascertained  periods,  they  ought  to  have  appeared.  Adopting 
/  this  test  of  identity,  it  would  seem  at  least  probable  that  the  first  recorded  ap- 
S  pearance  of  Halley's  comet  was  that  which  was  supposed  (o  signalize  the 
}  birth  of  Christ.  It  is  said  to  have  appeared  for  twenty-four  days  ;  its  light  is 
}  described  to  have  surpassed  that  of  the  sun  ;  its^jpagnitude  to  have  extended 
a  fourth  part  of  the  firmament ;  and  it  is  stated  to  have  occupied  conse- 
S  quently  about  four  hours  in  rising  and  setting. 

In  the  year  3^3,  a  comet  appeared  in  the  sign  Virgo.  Another,  according 
o  the  historians  of  the  Lower  Empire,  appeared  in  the  year  399,  seventy  five 
)  years  alYer  the  last ;  this  last  interval  being  the  period  of  Halley's  comet. 
I  The  interval  between  the  birth  of  Mithridates  and  the  year  323  was  four 
?  hundred  and  fifty-three  years,  which  would  be  equivalent  to  six  periods  of  sev- 
enty-five and  a  half  years.  Thus,  it  would  seem,  that  in  the  interim  there  were 
Ive  returns  of  this  comet  unobserved,  or  at  least  unrecorded.  The  appearance 
n  the  year  399  was  attended  with  extraordinary  circumstances.  In  the  The- 
Urum  Comelaram  of  Lobtenietski,  it  is  described  as  cometa  prodigiosa  jnagni- 
iidinis,  karribiUs  aspfclu,  eomam,  ad  terTam  usque  demitlere  visus.  The  next 
recorded  appearance  of  a  comet  agreeing  with  the  ascertained  period,  marks 
the  taking  of  Rome  by  Totila  in  the  year  550  ;  an  interval  of  one  hundred  and 
fifty-one  years,  or  two  periods  of  seVenty-five  and  a  half  years,  having  elapsed. 
One  unrecorded  term  must,  therefore,  have  taken  place  in  this  interim.  The 
next  appearance  of  a  comet  coinciding  with  the  assigned  period  is  three  hun- 
dred and  eighty  years  afterward,  viz.,  in  the  year  930,  five  revolutions  having 
been  completed  in  the  interval.  The  next  appearance  is  recorded  in  the  year 
1005,  after  an  interval  of  a  single  period  of  seventy-five  years.  Three  revo- 
i  would  now  seem  to  have  passed  unrecorded,  when  the  comet  again 
makes  its  appearance  in  1230.     In  this,  as  well  as  in  former  appei 

e  more,  that  (he  sole  test  of  identity  of  these  comets  with  that 
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of  Halley,  is  the  coincidence  of  the  times  of  their  appearances,  as  nearly  as 
historical  records  enable  us  to  ascertain,  with  the  epochs  at  which  the  comet 
of  Halley  might  have  been  expected  to  appear.  That  such  evidence,  however, 
must  needs  be  imperfect  will  be  evident,  if  the  frequency  of  cometary  appear- 
ances be  considered  ;  and  if  it  be  remembered  that  hitherto  we  find  no  recorded 
observations  which  could  enable  us  to  trace  even  with  the  rudest  degree  of 
approximation  the  paths  of  those  comets,  the  times  of  whose  appearances  raise 
a  presumption  of  their  identity  with  that  of  Halley.  We  now,  however,  de- 
t  scend  to  limes  in  which  more  satisfactory  evidence  may  be  expected. 

In  the  year  1305,  one  of  those  in  which  the  comet  of  Halley  may  have  been 
expected,  a  comet  is  recorded  of  remarkable  appearance ;  Cometa  horrenda 
magnitudinis  visas  est  circa  ferias  Pasckalis,qnejn  secula  est  pestilentia  maxima. 
Had  the  honid  appearance  of  this  body  alone  been  recorded,  this  description 
might  have  passed  without  the  charge  of  great  exaggeration  ;  but  when  we  find 
the  Great  Plague  connected  with  it  as  a  consequence,  it  is  impossible  not  to  con- 
clude that  the  comet  was  seen  by  its  historians  through  the  magnifying  medium 
of  the  calamity  which  followed  it.  Another  appearance  is  recorded  in  the  year 
1380,  unaccompanied  by  any  other  circumstance  than  its  mere  date.  This, 
however,  is  in  strict  accordance  with  the  ascertained  period  of  Halley's 
comet. 

We  now  arrive  at  the  first  appearance  at  which  observations  were  taken, 
possessing  suiRcient  accuracy  to  enable  subsequent  investigators  to  determine 
the  path  of  the  comet :  and  this  is  accordingly  the  first  comet,  the  identity  of 
which  with  the  comet  of  Halley  can  be  said  to  be  conclusively  established, 
In  the  year  1456,  a  comet  is  slated  to  have  appeared,  of  "  unheard-of  magni- 
tude ;"  it  was  accompanied  by  a  tail  of  extraordinary  length,  which  extended 
over  sixty  degrees  (a  third  of  the  heavens),  and  continued  to  be  seen  during 
the  whole  of  the  month  of  June.  The  influence  which  was  attributed  to  this  _ 
appearance  renders  it  probable  that  in  the  record  there  exists  more  or  less  of 
exaggeration.  It  was  considered  as  the  celestial  indication  of  the  rapid  suc- 
cess of  Mohammed  II.,  who,  had  taken  Constantinople,  and  struck  terror  into 
the  whole  Christian  world.  Pope  Calixtus  II,  levelled  the  thunders  of  the 
church  against  the  enemies  of  his  faith,  terrestrial  and  celestial,  and  in  the 
same  bull  exorcised  the  Turks  and  the  comets  ;  and  in  order  that  the  memory 
of  this  manifestation  of  his  power  should  be  for  ever  preserved,  he  ordained 
that  the  bells  of  all  the  churches  should  be  rung  at  midday— a  custom  which  is 
preserved  in  those  countries  to  our  times.  It  must  be  admitted  that,  notwith- 
standing the  terrors  of  the  church,  the  comet  pursued  its  course  with  as  much 
ease  and  security  as  those  with  which  Mohammed  converted  the  church  of  St. 
Sophia  into  his  principal  mosque. 

The  extraordinary  length  and  brilliancy  which  was  ascribed  to  the  tail  upon 
this  occasion,  have  led  astronomers  to  investigate  the  circumstances  under 
which  its  brightness  and  magnitude  would  be  the  greatest  possible  ;  and,  upon 
tracing  back  the  motion  of  the  comet  to  the  year  1456,  it  has  been  found  that  it 
was  then  actually  under  the  circumstances  of  position  with  respect  to  the 
earth  and  sun  most  favorable  to  magnitude  and  splendor.  So  far,  therefore, 
the  resuhs  of  astronomical  calculation  conoborate  the  records  of  history. 

The  next  return  took  place  in  the  year  1531.  Pierre  Appian,  who  first  as- 
certained the  fact  that  the  tails  of  cornels  are  usually  turned  from  the  sun,  ex- 
amined this  comet,  with  a  view  to  verify  his  statement,  and  to  ascertain  the 
true  direction  of  its  tail.  He  made  accordingly  numerous  observations  upon 
its  position,  which,  though,  compared  with  ihe  present  standard  of  accuracy, 
they  must  be  regarded  as  of  a  rude  nature,  were  still  sufficiently  exact  lo  ^able 
Halley  to  identify  this  comet  with  that  observed  by  himself  in  1682. 
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The  nest  return  took  place  in  1607,  when  the  comet  was  observed  by  the  \ 
celebrated  Kepler.     This  astronomer,  on  his  return  from  a  convivial  party,  first  \ 
saw  it  on  the  evening  of  the  26th  of  September  ;  it  had  the  appearance  of  a  J 
star  of  the  first  magnitude,  and,  to  his  vision,  was  without  a  tail ;  but  the  friends  \ 
who  accompanied  him,  having  better  sight,  distinguished  the  tail.     Before  J 
three  o'clock  the  following  morning,  the  tail  had  become  clearly  visible,  a 
had  acquired  great  magnitude.     Two  days  afterward  the  comet  was  ohserv 
by  Longomontanus  ;  he  describes  its  appearance,  to  the  naked  eye,  to  be  li... 
Jupiter,  but  of  a  paler  and  more  obscure  light ;  thai  its  tail  was  of  considerable  J 
length,  of  a  paler  light  than  that  of  the  head,  and  more  dense  than  the  tails  of  t 
ordinary  comets.     He  states  that  on  the  24ih  of  September  following,  the  comet  J 
was  not  apparent ;  that  on  the  24th  of  October  it  was  seen  obscurely,  and  some  \ 
days  afterward  disappeared  altogether.  j 

The  next  appearance,  and  that  which  was  observed  by  Halley  himself,  took  ? 
place  in  1682,  a  little  before  the  pubUcation  of  the  Principia.  A  comet  of  } 
frightful  magnitude  had  appeared  in  1680,  and  had  so  terrified  all  Europe,  that  } 
the  subject  of  our  present  inquiry,  though  of  such  immense  astronomical  im-  J 
portance,  excited  comparatively  little  popular  notice.  In  the  interval,  however,  ( 
between  1607  and  1683,  practical  astronomy  had  made  great  advances  ;  instru-  J 
ments  of  observations  had  been  brought  to  a  state  of  comparative  perfection ;  \ 
numerous  observatories  had  been  established,  and  the  management  of  them  had  ) 
been  confided  to  the  most  eminent  astronomers  of  Europe.  In  1682,  the  sci- 
entific world  was,  therefore,  prepared  to  examine  this  visiter  of  our  system 
with  a  degree  of  care  and  accuracy  before  unknown.  It  was  observed  ai  Paris  ( 
by  Lahire,  Picard,  and  Dominique  Cassini ;  at  Dantzic,  by  Hevelius  ;  at  Padua,  J 
by  Montonari ;  and  in  England,  by  Halley  and  Flamstead. 

In  1686,  about  four  years  afterward,  Newton  published  his  Principia,  in 
which  he  applied  to  the  comet  of  1680  the  general  principles  of  physical  in- 
vestigation first  promulgated  in  that  work.     He  explained  the  means  of  deter- 
mining, by  geometrical  construction,  the  visible  portion  of  the  path  of  a  body  J 
of  this  kind,  and  invited  astronomers  to  apply  these  principles  to  the  vario 
recorded  comets — to  discover  whether  some  among  them  might  not  have  a, 
peared  at  different  epochs,  the  future  returns  of  which  might  consequently  be  S 
predicted.     Such  was  the  efiect  of  the  force  of  analogy  upon  the  mind  of  J 
Newton,  that,  without  awaiting  the  discovery  of  a  periodic  comet,  he  boldly  i 
assumed  these  bodies  to  be  analogous  to  planets  in  their  revolution  round  the  < 

In  the  third  book  of  his  Principia,  he  calls  them  a  species  of  planets  r_ 
volving  in  elliptic  orbits,  of  a  very  oval  form,  and  even  remarks  an  analogy  5 
observable  between  the  order  of  their  magnitudes  and  those  of  the  planets.    " 
says,  "  As  among  planets  without  tails,  those  which  revolve  in  less  orbits,  ; 
nearer  to  the  sun,  are  of  leas  magnitude,  so  comets  which  in  their  perihelia  i 
approach  still  nearer  to  the  sun  than  the  planets,  are  much  less  than  the  plar 
ets,  that  their  attraction  may  not  act  too  strongly  on  the  sun.     But,"  he  con 
tinues,  '■  I  leave  to  be  determined  by  others  the  transverse  diameters  and  J 
periods,  by  comparing  comets  which  return  after  long  intervals  of  t' 

It  is  interesting  to  observe  the  avidity  with  which  minds  of  a  certain  order  J 
snatch  at  generalizations,  even  when  but  slenderly  founded  upon  facts.  These  \ 
conjectures  of  Newton  were  soon  after  adopted  by  Voltaire  :  "  II  y  a  quelque  J 
apparence,"  says  he,  in  an  essay  on  comets,  "  qu'on  connaiira  un  jour  u 
tain  nombre  de  ces  autres  planeles  qui  sous  le  nomde  cc  '  ' 
nous  autour  du  soleil,  mais  il  ne  faut  pas  esp^ier  qu'on  li 

And  again,  elsewhere,  on  the  same  subject : — 
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Extraordinary  aa  these  conjectures  must  have  appeared  at  the  lime,  they  ( 
were  soon  strictly  realized.     Halley  undertook  the  labor  of  examining  the  cir-  , 
cumstances  attending  all  the  comets  previously  recorded,  with  a  view  to  dis- 
cover whether  an);  and  which  of  them,  appeared  to  follow  the  same  path.  J 
Antecedently  to  liie  ye^:  1700,  four  hundred  and  twenty-five  of  these  bodies  j 
had  been  recorded  in  history  ;  but  those  which  had  appeared  before  the  four-  J 
leenth  century  had  not  been  submitted  to  any  observations  by  wlych  their  paths  f 
could  be  ascertained — at  least  not  with  a  sufficient  degree  of  precision  to  afford  J 
any  hope  of  identifying  them  with  those  of  other  comets.     Subsequently  to  the  I 
year  1300,  however,  Haliey  found  twenty-four  comets  on  which  observations  ) 
had  been  made  and  recorded,  with  a  degree  of  precision  sufficient  to  enable  \ 
him  to  calculate  the  actual  paths  which  these  bodies  followed  while  they  w 
visible.     He  examined  with  the  most  elaborate  care  the  courses  of  each  of  ( 
these  twenty-four  bodies  ;  he  found  the  exact  points  at  which'  each  of  them  5 
penetrated  the  plane  of  the  earth's  orbit ;  also  the  angle  which  the  direction  of  j 
theit  motion  made  with  that  plane  ;  he  also  calculated  the  nearest  distance  a 
which  each  of  them  approached  the  sun,  and  the  exact  place  of  the  body  whei 
at  that  nearest  distance.     In  a  word,  he  determined  all  the  circumstances  ) 
which  were  necessary  to  enable  him  to  lay  down,  with  sufficient  precision, 
the  path  which  these  comets  must  have  followed  while  they  continued  to  be 
visible. 

On  comparing  their  paths,  Halley  found  that  one  which  appeared  in  1661, 
followed  nearly  the  same  path  as  one  which  had  appeared  in  15.S2.     Suppo- 
sing, then,  these  to  be  two  successive  appearances  of  the  same  comet,  it  would  f 
follow  that  its  period  would  be ,  one  hundred  and  twenty-nine  years ; 
Halley  accordingly  conjectured  that  its  next  appearance  might  be  expected  j 
after  the  lapse  of  one  hundred  and  twenty-nine  years,  reckoning  from  1661.  ( 
Had  this  conjecture  been  well  founded,  the  comet  must  have  appeared  about  ) 
ihe  year  1790.     No  eomet,  however,  appeared  at  ot  near  that  time  following  a 
similar  path. 

In  his  second  conjecture,  Halley  was  more  fortunate,  as  indeed  might  be 
expected,  since  it  was  formed  upon  more  conclusive  grounds.  He  lound  that  J 
the  paths  of  comets  which  had  appeared  in  1531  and  1606,  were  >ery  nearly  I 
'  identical,  and  that  they  were  in  fact  the  same  as  the  path  lollowed  bj  the  > 
comet  observed  by  himself  in  1682,  He  suspected,  therefore,  that  the  appear-  ( 
ances  at  these  three  epochs  were  produced  by  three  successive  returns  of  the  } 
same  comet,  and  that  consequently  its  period  in  its  orbit  must  be  about  seveniy- 
five  and  a  half  years. 

So  httle  was  the  scientific  world  at  this  time  prepared  for  such  an  announce 
ment,  that  Hailey  himself  only  ventured  at  first  to  express  his  opinion  in  the 
form  of  conjecture  ;  but  afler  some  further  investigation  of  the  circumstances 
of  the  recorded  comets,  he  found  three  others  which  at  least  in  point  of  time  J 
agreed  with  the  period  assigned  to  the  comet  of  1682,  viz.,  those  of  1305, 
1380,  and  1456.*  Collecting  confidence  from  these  circumstances,  he  an 
nounced  his  discovery  as  the  result  of  combined  observation  and  i,alculalion, 
and  entitled  to  as  much  confidence  as  any  other  consequence  of  an  esldbhohed  J 
physical  law. 

There  were  nevertheless  two  circumstances,  which  to  the  fastidious  skeptic  i 
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)  might  be  supposed  to  offer  some  difficulty.     These  were,  first,  that  the  i 
!  va!s  between  the  supposed  successive  returns  to  perihdfcn  were  not  precisely 
?  equal ;  and,  secondly,  that  the  inclination  of  the  comet's  path  to  the  plane  of  the 
S  earth's  orbit  was  not  exactly  the  same  in  each  case.     Halley,  however,  with  a 
\  degree  of  sagacity  which,  considering  the  state  of  knowledge  at  the  time,  can- 
I  ,not  fail  to  excite  unqualified  admiration,  observed  that  it  was  natural  to  suppose 
r  that  the  same  cansea  which  disturbed  the  planetary  motions  must  likewise  acl 
"  I  comets  }  and  that  their  influence  would  be  so  much  the  more  sensible  upon 
e  bodies  becau^  of  their  great  distances  from  the  sun.     Thus,  as  the  at- 
)  traction  of  Jupiter  upon  Saturn  was  known  to  affect  the  velocity  of  the  latter 
j  planet,  sometimes  retarding  and  sometimes  accelerating  it,  according  to  their 
i  relative  position,  so  as  lo  affect  its  period  to  the  extent  of  thirteen  days,  it 
j  might  well  be  supposed  that  the  comet  might  suffer  by  a  similar  attraction,  an 
S  effect  sufficiently  great  lo  account  for  the  ine^ality  observed  in  the  interval 
(  between  its  successive  returns  ;  and  also  for  the  variation  to  which  the  direc- 
J  tion  of  its  path  upon  the  plane  of  the  ecliptic  was  found  to  be  subject.     He 
J  observed,  in  fine,  that  aa  in  the  interval  between  1607  and  1682  the  comet 
S  passed  so  near  Jupiter  that  its  velocity  must  have  been  augmented,  and  conse- 
f  quently  its  period  shortened  by  the  action  of  that  planet,  this  period,  therefore, 
J  having  been  only  seventy-five  years,  he  inferred  that  the  following  period  would 
J  probably  be  seventy-six  years  or  upward ;  and  consequently  that  the  comet  ■ 
}  ought  not  to  be  expected  to  appear  until  the  end  of  1758,  or  the  beginning  of 
j   1759.      It  is  impossible  to  imagine  any  quality  of  mind  more  enviable  than  that 
?  which,  in  the  existing  state  of  mathematical  physics,  could  have  led  to  such  a 
(  prediction.     The  imperfect  state  of  mathematical  science  rendered  it  impossible 
)  for  Halley  to  offer  to  the  world  a  demonstration  of  the  event  which  he  foretold. 
J  "  He  therefore,"  says  M.  de  Pontecoulant,  "  could  only  announce  these  felicitous 
)  conceptions  of  a  sagacious  mind  as  mere  intuitive  perceptions,  which  must  be 
\  received  as  uncertain  by  the  world,  however  he  might  have  fell  them  himself, 
)  until  they  could  be  verified  by  the  process  of  a  rigorous  analysis." 
i  ^    The  theory  of  gravitation,  which  was"  in  its  cradle  at  the  time  of  Halley's 
?  investigations,  had  grown  to  comparative  maturity  before  the  period  at  which  j 
{  his  prediction  could  be  fulfilled.     The  exigencies  of  that  theory  gave  birth  to  J 
J  new  and  more  powerful  instruments  of  mathematical  inquiry :  the  differential  i 
S  and  integral  calculus  was  its  first  and  greatest  offspring.     This  branch  of  sci- 
)  ence  was  cultivated  with  an  ardor  and  success  by  which  it  was  enabled  to  an- 
S  swer  all  the  demands  of  physics,  and  consequently  mechanical  scieftce  ad- 
?  vanced,  pari  passv.    Newton's  discoveries  having  obtained  reception  throughout  S 
S  the  scientific  world,  his  inquiries  and  his  theories  were  followed  up ;  and  the  ( 
?  consequences  of  the  great  principle  of  universal  gravitation  were  rapidly  de-  J 
J  veloped.     Among  these  inquiries  one  problem  was  eminently  conspicuous  for  } 
j  the  order  of  minds  whose  powers  were  brought  to  bear  upon  it.     One  of  the  i 
i  first  and  simplest  results  of  the  theory  of  gravitation  was,  that  if  a  single  planet  < 
j  attended  the  sun  (its  mass  being  insignificant  compared  with  that  of  the  sun),  i 
(  that  planet  must  revolve  in  an  ellipse,  the  focus  of  which  must  be  occupied  by  j 
(  the  centre  of  the  sun  ;  but,  if  a  second  planet  be  admitted  into  the  system,  then  j 
j  the  elliptic  form  of  their  paths  round  the  sun  can  be  preserved  only  by  the  sup-  J 
j  position  that  the  two  planets  have  no  attraction  for  each  other,  anl  that 
j  physical  infiuence  is  in  operation,  except  the  attraction  of  the  solar   na      fo 
(  each  of  them.     But  the  law  of  universal  gravitation  is  founded  upon  he  p 
j  ciple  that  everi/  body  in  nature  must  attract  and  be  attracted  by  every  oh     b  dj    ' 
!  Thus,  the  elliptic  character  of  the  orbit  is  effaced  the  moment  a  second  plar 
)  is  introduced.     But  let  us  remember  that  in  this  case  each  of  the  two    upp 
j  planets  are  in  mass  absolutely  insignificant  co.npared  with  the  sun      T 
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amount  of  attraction  depending  on  the  greatness  of  the  attracting  body,  the  ii 
te«sity  of  the  solar  attrition  of  each  of  tlie  planets  muat  ptedominaie  enormously  5 
over  the  comparativelyreeble  influence  oftheir  diminutive  masses  on  each  other. 
The  tendency  of  the  solar  attraction  to  impress  the  elliptic  form  oi 
of  those  planets,  must  therefore  prevail  in  the  main ;  and  although  their  mutual  J 
attraction,  however  feeble,  cannot  bq  wholly  ineffective,  their  orbits  will,  ii 
obedience  to  the  solar  mandate,  preserve  a  general  elliptic  form,  subject  ti 
those  very  slight  deviations,  or  disturbances,  due  to  their  reciprocal  attraction 
The  problem  to  discover  the  nature  and  amount  of  these  di^urbances  is  one  oi 
paramount  importance  in  astronomy,  and  has  been  called  the  "  problem  Oi 
three  bodies  ;"  and  its  extension  embraces  the  effects  of  the  mutual  gravitation  J 
of  all  the  planets  of  the  system  ufion  each  other.     This  celebrated  problem  i 
presented  enormous  mathematical  diHiculties,     A  particular  case  of  it,  which,  ' 
from  the  comparative  smalln^s  of  the  third  body  considered,  was  attended  ( 
with  greater  facility,  was  solved  by  Euler,  D'Alemberl,  and  Clairaut.     This 
was  the  case  in  which  the  single  planet,  revolving  round  the  sun,  was  the 
earth,  and  the  third  body  the  moon. 

Clairaut  undertook  the  difficult  application  of  ihis  problem  to  the  case  of  the 
comet  of  1682,  with  a  view  to  calculate  the  effects  which  would  be  produced  1 
upon  it  by  the  attraction  of  the  different  planets  of  the  system ;  and  by  such  i 
means  to  convert  the  conjecture  of  Halley  into  a  distinct  astronomical  predic- 
tion, attended  with  all  the  circumstances  of  time  and  place.  The  exact  verifi- 
cation of  the  prediction  would,  it  was  obvious,  furnish  the  most  complete  dem- 
onstration of  the  principle  of  universal  gravitation ;  which,  though  generally  re- 
ceived, was  not  yet  considered  so  completely  demonstrated  as  to  be  independ- 
ent of  so  remarkable  a  body  of  evidence  as  the  fulfilment  of  such  a  calculation  \ 
would  afford. 

To  attain  completely  the  end  proposed,  it  was  necessary  to  solve  two  very  { 
different  classes  of  problems,  requiring  different  powers  of  mind,  and  different  J 
habits  of  thought  and  application.     The  mathematical  part  of  the  inquiry,  ( 
strictly  speaking,  consisted  in  the  discovery  of  certain  general  analytical  for- 
mulas, applicable  to  the  case  in  question  ;  which,  when  translated  into  ordinary  ( 
language,  would  become  a  set  of  rules  expressing  certain  arithmetical  proces- 
ses, to  be  effected  upon  certain  given  numbers ;  and  when  so  effected  would  ( 
give  as  the  final  results,  numbers  which  would  determine  the  place  of  the  ; 
comet,  under  all  the  circumstances  influencing  it  from  hour  to  hour.     The  a 
tual  place  of  the  body  being  thus  determined,  it  became  a  simple  question  of  ) 
practical  astronomy  to  ascertain  its  apparent  place  in  the  firmament,  at  c 
spending  times.     A  table  exhibiting  its  apparent  place  thus  determined  ii 
firmament  for  stated  intervals  of  time,  is  called  its  Ephemeris ;  it  is  the  final  j 
result  to  which  the  whole  investigation  must  tend,  and  is  that  whose  v 
tion  by  observation  would  ultimately  decide  iho  validity  of  the  reasoning,  and  I 
the  accuracy  of  the  computations.     Clairaut,  a  mathematician  and  natural  phi-  } 
losopher,  was  eminently  qualified  to  conduct  such  an  investigation,  as  far  as 
the  attainment  of  those  general  analytical  formnte  which  embodied  the  rules 
by  which  the  practical  astronomer  and  arithmetician  might  work  out  the  final  I 
results  ;  but  beyond  this  point  neither  his  habits  nor  his  powers  would  conduct  \ 
him.     Lalande,  a  practical  astronomer,  no  less  eminent  in  his  own  department, 
and  who,  indeed,  first  urged  Clairaut  to  this  inquiry,  accordingly  undertook  the  \ 
management  of  the  astronomical  and  arithmetical  part  of  the  calculation, 
this  prodigious  labor  (for  it  was  one  of  most  appalling  magnitude)  he  was 
sisted  by  the  wife  of  an  eminent  watchmaker  in  Paris,  named  Lepaute,  whose  j 
exertions  on  this  occasion  have  deservedly  registered  her  name  in  a 
ical  history. 
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is  difficult  lo  convey  to  one  who  is  not  conversant  with  such  invostiga- 

,  an  adequate  notion  of  the  labor  which  such  an  inquiry  involved.     The 

I  calculation  of  the  influence  of  any  one  planet  of  the  system  upon  any  other,  is 
J  itself  a  problem  of  some  complexity  and  difficulty ;  hut  atiU,  one  genera!  com- 
)  putation,  depending  upon  the  calculation  of  Hie  terms  of  a  certain  series,  is 
5  sufficient  for  its  solution.  This  comparative  simplicity  arises  entirely  from  two 
J.  circumstances  which  characterize  the  planetary  orbits.    These  are,  that  though 

<  they  are  ellipses,  they  differ  very  slightly  from  circles  ;  and  though  the  plan- 
j  ets  do  not  move  in  the  plane  of  the  ecliptic,  yet  none  of  them  deviate  consider- 
j  ably  from  that  plane.  But  tkese  characters  do  not,  as  we  have  already  stated, 
\  belong  to  the  orbits  of  comets,  which,  on  the  contrary,  are  highly  eccentric, 

<  and  depart  from  the  ecliptic  at  all  possible  angles.  The  consequence  of  this 
j  ia,  that  the  calculation  of  the  disturbances  produced  in  the  cometary  orbit  by 
J  the  action  of  the  planets,  must  be  conducted,  not  like  the  planets,  in  one  gen- 
\  eral  calculation  applicable  to  the  whole  orbit,  but  in  a  vast  number  of  separate 
(  calculations,  in  which  the  orhit  is  considered,  as  it  were,  bit  by  bit,  each  bit 
j  requiring  a  calculation  similar  to  that  of  the  whole  orbit  of  the  planet.  In 
5  facl,  for  a  very  small  part  of  its  course,  we  treat  the  comet  as  we  would  a 
(  planet;  making  our  calculations,  and  completing  them,  nearly  in  the  same 
J  manner ;  but  for  the  next  part  we  are  obliged  to  enter  upon  a  new  calculation, 
}  starting  with  a  different  set  of  numbers,  but  performing  over  again  similar 
\  arithmetical  operations  upon  them.     When  it  is  considered  that  the  period  of 

\  Halley's  comet  is  about  seventy-five  years,  and  that  every  portion  of  its  course,  ^ 
i  for  two  successive  periods,  was  necessary  to  be  calculated  separately  in  this  ( 
;  way,  some  notion  may  be  formed  of  the^abor  encountered  by  Lalande  and  ' 
J  Madame  Lepaute.     "  During  six  months,"  says  Lalande,  "  we  calculated  froni 
{  morning  till  night,  sometimes  even  at  meals,  the  consequence  of  which  was, 
I  that  I  contracted  an  illness  which  changed  ray  constitution  for  the  remainder 
\  of  my  life.    'I'lie  assistance  rendered  by  Madame  Lepaute  was  such,  that  with- 
t  her  we  never  could  have  dared  to  undertake  this  enormous  labor,  in  which 
was  necessary  to  calculate  the  distance  of  each  of  the  two  planets,  Jupiter 
d  Saturn,  from  the  comet,  and  their  attraction  upon  that  body,  separately,  for 
?  every  successive  degree,  and  for  150  years."* 

5  These  elaborate  calculations  having  been  completed,  Clairaut,  fearing  that  the 
\  comet  would  anticipate  his  announcement,  presented  his  first  memoir  to  the 
i  Academy  on  die  14th  of  November,  175S.  In  this  memoir  he  was  compelled  to 
I  adopt  the  path  of  the  comet  upon  its  former  appearance,  as  determined  by  the 
S  observations  of  Appian.  These,  however,  were  made  at  a  time  when  little  at- 
\  tention  was  paid  to  comets  ;  and  were  made,  moreover,  without  that  conscious- 
s  on  the  part  of  the  observer  of  their  future  importance,  which  would  doubt- 
..-j  have  produced  greater  accuracy.  In  calculating  the  effect  of  the  attrac- 
)  tion  of  Jupiter  and  Saturn  upon  the  comet,  in  its  two  periods  between  1707 
I  and  1683,  and  between  the  latter  period  and  the  expected  return,  Clairaut  pro- 
S  ceeded  upon  the  supposition  that  the  masses  of  these  planets  were  each  what 
J  they  were  thep,  supposed  to  be.  It  has,  however,  since  appealed,  that  the  es- 
)  timates  of  these  masses  were  incorrect,  more  especially  that  of  Saturn.  The 
5  planet  Herschel  being  then  unknown,  its  influence  upon  the  comet  was,  of 


■  i„^„=.^  w. -.. le  LepBote  does  not  appear  in  ClairanfBmonioir;  aauppreasionwhicL  L»- 

(  lande  attribmes  to  the  infiaeroa  exercised  by  anotlier  lady  lo  wbom  Clairnol  -waa  altaolied.    La- 
"      ■     "lOWBvBr.nuoleB letters  of  Clairanl,  in  which  be  spenlisio  terms  of  high  admiration  of  "la 

ealcnlatnce."    The  latiors  of  thia  lady  in  the  work  of  calculatioQ  (tor  abe  also  assisted  La- 

)  lands  in  constTBcting  bis  Evkemeridtsi  at  length  so  wealsened  her  sisht,  that  slie  was  compelled  to 

)  desisL    She  died  in  1788,  while  attending  on  her  hasband,  who  had  become  insane.    See  the  ani- 

■  9  on  comets,  written  with  considerable  abilily,  in  llie  Companion  to  the  British  Almnaac  for  Ihe 

M 1833.    They  are  understood  lo  be  the  production  of  Mr.  De  Morg; 

deal  Society. 
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course,  ■wholly  omitted.  Neither  did  Clairaut  take  into  account  the  action  of  ! 
the  earth.  Encumbered  with  the  disadvantages  of  precision  in  his  data,  he  } 
predicted,  in  his  first  memoir,  that  the  comet  would  arrive  at  its  nearest  point  ) 
to  the  sun  on  the  18th  of  April,  1759  ;  but  Ke  slated  at  the  same  lime  that  the  S 
imperfeclion  of  some  of  the  methods  of  calculation  he  was  compelled  to  adopt,  ( 
was  such  as  to  leave  a  possibility  of  his  prediction  being  erroneous  to  thi 
tent  of  a  month.  After  presenting  this  memoir  he  resumed  his  caiculat 
and  completed  some  which  he  had  not  time  to  execute  previously.  .  He  then  J 
announced  that  the  4lh  of  April  would  be  the  day  of  the  comet's  arrival  a  ' 
nearest  distance  to  the  sun. 

This  wonderful  astronomical  prediction  was  accompanied  by  a 
still  more  remarkable  and  interesting  than  that  which  we  have  noticed  in 
conjectures  of  Halley  as  to  the  disturbing  effects  of  the  planets  upon  the  c 
el's  period.  Clairaut  staled  that  there  might  be  very  many  circumstai 
which,  independently  of  any  error  either  in  the  methods  or  process  of  calciila-  J 
tion,  might  cause  the  event  to  deviate  more  or  less  from  its  predicted  o 
rence ;  one  of  which  was  the  probability  of  on  undiscovered  planet  of  oui 
tern  revolving  beyond  the  orbit  of  Satarn,  and  acting  by  its  gravitation  upon  the  j 
comet.  In  twenty-two  years  after  this  time  this  conjecture  was  accurately  j 
fulfilled  by  the  discovery  of  the  planet  Herschel.by  the  late  Sir  William  Her-  j 
schel,  revolving  round  the  sun  one  thousand  millions  of  miles  beyond  the  Qibit  j 
of  Saturn !  j 

In  the  successive  appearances  of  the  comet  subsequent  to  1456,  it  was  found  j 
to  have  gradually  decreased  in  magnitude  and  splendox.     While  in  1456  it  i 
occupied  two  thirds  of  the  firmajn™t,  and  spread  terror  over  Europe,  in  1607  j 
i«8  appearance,  when  observed  by  Kepler  and  Longomontanus,  was  that  of  a  ! 
star  of  the  first  ma'gnitude ;  and  so  trifling  was  its  tail,  that  Kepler  himself,  j 
when  he  first  saw  it,  doubted  if  it  had  any.     In  1682  it  excited  little  attention  j 
except  among  astronomers.     Supposing  this  decrease  of  magnitude  and  bril- 
liancy to  be  progressive,  Lalande  entertained  serious  apprehensions  that  on 
its_  expected' return  it  might  escape  the  observation  even  of  astronomers  ;  and  j 
thus  that,  this  splendid  example  of  the  power  of  science,  and  unanswerable 
proof  of  the  principle  of  gravitation,  would  be  lost  to  the  world.     It  is  not  un- 
interesting to  observe  the  misgivings  of  this  distinguished  astronomer  with  re-  ! 
spect  to  the  appearance  of  the  body;  mixed  up  with  his  unshaken  faith  in  the  j 
result  of  the  astronomical  inquiry.     "We  cannot  doubt,"  says  he,  "  that  it  will  j 
return  ;  and  even  if  astronomers  cannot  see  it,  they  will  not  therefore  be  the  < 
less  convinced  of  its  presence ;  they  know  that  the  faintness  of  its  light,  its  great  ) 
distance,  and  perhaps  even  bad  weather,  may  keep  it  from  our  view ;  but  the  < 
world  will  find  it  difficult  to  believe  us  ;  they  wil! -place  this  discovery,  which  J 
has  done  so  much  honor  to  modem  philosophy,  among  the  number  of  chance  ( 
predictions.     We  shall  see  discussions  spring  up  again  in  the  colleges,  coc 
tempi  among  the  ignorant,  terror  among  the  people,  and  seventy-six  years  wi 
roll  away  before  there  will  be  another  opportunity  of  removing  all  doubt." 

Fortunately  for  science,  the  arrival  of  the  expected  visiter  did  not  take  plat  _ 
under  such  untoward  circumstances.     Aa  the  commencement  of  the  year  1759  J 
approached,  "  Les  Astronomes,"  says  Voltaire,  "ne  se  couch&rent  pas." 

The  honor,  however,  of  the  first  glimpse  of  the  stranger  was  not  resei 
for  the  possessors  of  scientific  rank,  nor  the  members  of  academies  or  uni 
wties.     On  the  night  of  Christmas  day,  1758,  George  Palilzch  of  Prolilz,  r  . .._ 
Dresden,  "  a  peasant,"  says  Sir  John  Hetschel,  "  by  station,  an  astronomer  by  < 
nature,"  first  saw   the  comet.     He   possessed  an  eight-foot  telescope, 
which  he  made  the  discovery ;  and  the  next  day  communicated  the  fact  ti 
Hoffman,  who  immediately  went  to  his  cottage,  and  saw  the  comet  o 
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ings  of  the  27lli  and  2Sth  of  December.     An  astronomer  of  Leipzic  observed  ) 
it  immediately  afterward;  "but,"  says  M.  de  Pontecoulant,  "jealous  of  his  ? 
discovery,  as  a  lover  of  his  mistress,  or  a  miser  of  his  treasure,  he  would  not  J 
share  it,  and  gave  himself  up  lo  the  solitary  pleasure  of  following  the  body  in  it 
course  from  day  to  day,  while  hia  contemporaries  throughout  Europe  were  vainly  i 
directing  their  anxious  search  after  it  to  other  quarters  of  the  heavens."     At  • 
this  time  Delisle,  a  French  astronomer,  and  his  assistant.  Messier,  who,  from  J 
his  unwearied  assiduity  in  the  pursuit  of  comets,  received  from  Louis  the  Fif-  i 
teenth  the  appellation  of  La  Furel  de  Comites  (the  comet-ferret),  had  been  con- 
stantly engaged  for  eighteen  months  in  watching  for  the  return  of  Halley's 
comet.     It  would  seem  that  La  Caille,  and  other  French  asttonoraers  at  that 
time,  considering  that  Delisle  and  Messier,  from  the  attention  which  they  had  I 
given  to  such  objects,  and  more  especially  from  the  ardor  and  indefatigable  S 
perseverance  of  the  latter,  could  not  fail  to  detect  the  expected  body  the  mo-  I 
ment  it  came  within  view,  did  not  occupy  themselves  in  looking  for  it.     Delisle  i 
computed  an  Ephemeris,  and  made  a  chart  of  its  supposed  course  in  the  heav-  ( 
ena,  and  placed  it  in  the  hands  of  Meisser  to  guide  him  in  his  search.     This  ; 
chart  was  eironeous,  and  diverted  the  attention  of  Meisser  to  a  quarter  of  the  < 
firmament  through  which  the  comet  did  not  pass,  and  thus,  most  probably,  de-  ) 
prived  that  zealous  and  assiduous  observer  of  the  honor  of  first  discovering  its  ( 
return  to  our  system.     He  succeeded,  nevertheless,  in  observing  it  on  the  31st  ) 
of  Januarj',  1759;  nearly  a  month  after  it  had  been  seen  by  Palitzch  and  ( 
Hotfman,  but  without  knowing  that  it  had  been  already  observed.'     The  comet  ) 
was  now  observed  in  various  places.     It  continued  to  be  seen  at  Dresden,  also  ( 
at  Leipzic,  Boulogne,  Brussels,  Lisbon,  Cadiz,  &c.     Its  course  being  observed,  , 
it  was  found  that  it  arrived  at  its  perihelion,  or  at  its  nearest  point  to  the  sun,  ' 
on  the  13ih  of  March,  between  three  and  four  o'clock  in  the  morning;  exactly  ^ 
ihirty-seven  days  before  the  epoch  first  assigned  by  Clairaui,  but  only  twenty- 
three  days  previous  to  his  corrected  prediction.     The  comet  on  this  occasion 
appeared  very  round,  with  a  brilliant  nucleus,  well  distinguished  from  the  sur- 
rounding nebulosity.     It  had,  however,  no  appearance  of  a  tail.     About  the  ( 
middle  of  the  latter  month,  it  became  lost  in  the  rays  of  the  sun  while  a[ 
proaching  ita  perihelion ;  it  afterward  emerged  from  them  on  its  departui 
'  from  the  sun,  and  was  visible  before  sunrise  in  the  morning  on  the  1st  of  April.  J 
On  this  day  it  was  observed  by  Messier,  who  states  that  he  was  able  to  dis- 
tinguish the  tail  by  his  telescope.     It  was  again  observed  by  him  on  the  3d, 
15th,  and  17th  of  May.     Lalande,  however,  who  observed  it  on  the  same  oc- 
cafcons,  was  not  able  to  discover  any  trace  of  the  tail. 

Although  it  is  certain  that  the  splendor  and  magnitude  of  the  comet  in  1759  t 
were  considerably  less  than  those  with  which  it  had  previously  appeared,  yet  f 
we  must  not  lay  too  much  stress  upon  the  probability  of  its  really  diminished  l 
magnitude.  In  1759  it  was  seen  under  the  most  disadvantageous  circumstan- 
ces— it  waa  almost  always  obscured  by  the  effect  of  twilight,  and  was  in  situ- 
ations the  most  unfavorable  possible  for  European  observers.  It  had  been  i 
observed,  however,  in  the  southern  hemisphere  at  Pondicherry  by  Pere  Cceur-  J 
Doux;  and  at  the  isle  of  Bourbon  by  La  Caille,  under  more  favorable  circum- 

■  An  inlerealing  memoir  of  Messter  may  be  fonnd  io  the  Histoire  de  PAstimnmie  as  dixhmtiime 
Slide,  by  Delambre.  Lb  Harpe  (Corrapondence  Litteraire.  Paris,  1801,  torn,  i.,  p.  97)  saya,  that 
-he  paaaedhialifeiDsoarchof  comets.  Tde  nep^aj  JUi™  of  bis  ambilioo  waa  to  be  mEideamem- 
ber  of  the  Academy  of  Peterebureh.  He  was  an  excellent  man,  bat  bad  the  Bimpiicity  of  a  cbild. 
At  a  lime  when  he  was  in  expeclaUon  of  discovailng  a  cornel,  hia  wifo  took  iU  and  died.  WhUe 
auending  upon  ber,  being  witlidrawn  from  hia  observatory,  Monlagne  de  Limoges  anticipated  him 
by  discovering-  the  comet    Meaaier 


in  the  bouse,  he  cxda 


ting  only  of  his  comet  e 
'lirteeuth  by  Mi/niagae  I' 

mfemme,'  and  again  wept  for  V 
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itances  ;  and  both  of  these  astronomers  agree  in  stating  that  the  tail  v 
inclly  visible  by  the  naked  eye,  and  varied  in  length  at  diiFetent  periods  from  ) 
en  degrees  to  forty-seven  degrees*     These  circumstances  are  obviously  ii 
S  perfect  accordance  with  the  former  appearances  of  thsjsame  body. 
(       On  its  departure  from  the  sun  it  continued  to  be  observed  until  the  middle  J 
f  of  April,  when  its  southern  position  caused  the  time  of  its  rising  to  follow  that  } 
i  of  the  fiiin  ;  consequently  it  ceased  to  be  visible  in  the  morning.     By  a  further  J 
j  change  in  its  position,  however,  it  again  appeared  after  sunset  on  the  29th,  and  ( 
j  Messier  then  describes  it  as  having  the  appearance  of  a  star  of  the  first  mag- 
)  nitude.     But  here  again  unforlunalely  another  circumstance  interposed  a  dif- 
l  iiculty — the  light  of  the  moon  was  at  that  time  so  strong  as  in  a  great  degree 
)  to  overcome  the  effect  of  the  comet.     The  body  disappeared  altogether  in  the  c 
(  beginning  of  June.  < 

i  The  comet  had  now  commenced  a  new  period  under  circumstances  far  more  \ 
i  favorable  than  had  ever  before  occurred.  An  interval  of  seventy-s 
J  would  throw  its  return  into  (he  year  1835.  But  during  that  interval,  the  ] 
mce  of  analysis,  more  especially  in  its  application  to  physical  astronomy,  j 
)  has  made  prodigious  advances.  The  methods  of  investigation  have  acquired  j 
(  greater  simplicity,  and  have  likewise  become  more  generd  and  comprehens' 
}  and  mechanical  science,  in  the  large  sense  of  that  terra,  now  embraces  ii 
(  formularies  the  most  complicated  motions  and  the  most  minute  elTects  of  the  } 
S  mutual  influences  of  the  various  members  of  our  system.     These  formula 

<  hibil  to  the  eye  of  the  mathematician  a  iabJeau  of  all  the  evolutions  of  these  J 
I  bodies  in  ages  past,  and  of  all  the  changes  they  must  undergo  (the  laws  of  u: 

e  remaining  unchanged)  in  ages  to  come.     Such  has  been  the  result  of  the  } 

>  combination  of  transcendent  mathematical  genius  and  unexampled  labor  and  < 

<  perseverance  for  the  last  century.     The  learned  societies  established  in  thi 

>  various  centres  of  civilization,  have  more  especially  directed  their  attention  ti 

<  the  advancement  of  physical  astronomy :  and  have  stimulated  the  spirit  of  in 
?  quiry  by  a  sficcession  of  prizes  offered  for  the  solution  of  problems  arising  ou 

<  of  the  difficulties  which  were  progressively  developed  by  the  advancement  of  J 
)  astronomical  knowledge.  Among  these  questions  the  determination  of  the  re-  j 
(  turn  of  comets,  and  the  disturbances  which  they  experience  in  their  course,  by  > 
j  the  action  of  the  planets  near  which  they  happen  to  pass,  hold  a  prominent  < 
(  place.  The  French  Academy  of  Sciences,  in  the  year  1778,  offered  a  high  J 
J  mathematical  prize  for  an  essay  on  this  subject,  which  was  the  means  of  call-  j 
(  ing  forth  the  splendid  Memoir  of  Lagrange,  which  formed  at  once  a  complete  5 
)  solution  and  a  model  for  all  future  investigations  of  the  same  kind.     Lagrangfc's 

j  investigation  was,  however,  of  a  general  nature,  and  it  remained  to  apply  it  to 
I  the  particular  case  of  Halley's  comet,  the  only  one  then  known  to  be  periodic. 
S  In  1820,  the  Academy  of  Sciences  at  Turin  offered  a  prize  for  this  application  S 
J  of  Lagrange's  formula,  which  was  awarded  to  M.  Damoiseau.  In  1836,  the  ) 
5  French  Institute  proposed  a  similar  prize,  having  twice  before  offered  it  with- 
?  out  calling  forth  any  claimant.  On  this  occasion  M.  de  Pontecoulant  aspired 
5  to  the  honor.     "  After  calculations,"  says  he,  "  of  which  ihose  alone  who  have  \ 

engaged  in  such  researches  can  estimate  the  extent  and  appreciate  the  fatigue- 
i  ing  monotony,  I  arrived  at  a  result  which  satisfied  ail  the  conditions  proposed  J 
I  by  the  Institute.  I  determined  the  perturbations  of  Halley's  comet  by  taking  J 
S  into  account  the  simultaneous  aclions  of  Jupiter,  Saturn,  Uranus  (Heischel),  ? 
?  and  the  earth ;  the  comet  having  passed  in  1759  sufficiently  near  our  planet  to  j 
S  produce  in  it  (the  comet)  sensible  disturbances ;  and  I  then  fixed  its  return  to  \ 
)  its  nearest  point  to  the  sun  for  the  7th  of  November,  1835."  Subsequently  U 
j  this,  however,  M.  de  Pontecoulant  made  some  further  researches,  which  have  } 


Hosted  by 


Google 


HAtLEY'S  COMET. 


i  led   him  to   correct  the   former  result  ;  and  he  has  si 

)  time  of  its  arrival  at  its  nearest  point  to  the  sun  will  be  on  the  i 

p  14ih  November. 

The  comet  appeared  in  the  heavens  in  August,  1835,  exactly 
\  it  waa  predicted  to  have,  and  passed  its  perihelion,  on  the  16 
within  48  hours  of  the  predicted  epoch. 

The  drawing  of  this  comet  usually  given  is  here  subjoined. 


ill  that  the  ) 
ling  of  the  ) 


One  of  tlie  circumstaiices,  not  the  least  surprising,  connected  with  this 
comet,  is  the  magnitude  of  its  orbit.  It  is  a  very  oblong  oval,  the  total  length  ! 
of  which  is  about  thirty-six  times  the  earth's  distance  from  the  sun ;  and  the  i 
greatest  breadth  about  ten  limes  that  distance.  The  nearer  extremity  of  the  ? 
oval  is  at  a  distance  from  the  sun  equal  to  about  half  the  earth's  distance ; 
the  more  remote  extremity  at  a  distance  equal  to  thirty-five  and  a  half  times 
earth's  distance  from  the  sun.  The  earth's  distance  from  the  sun,  is,  in  round  J 
numbers,  one  hundred  millions  of  miles ;  the  comet's  least  distance  then  v 
be  fifty  millions  of  miles,  and  its  greatest  distance  three  thousand  five  hundred  ! 
and  fifty  millions  of  miles.  Also,  since  the  heat  and  light  supplied  by  the  sun  ) 
to  bodies  which  surround  it,  diminish  in  the  same  proportion  as  the  square  of  J 
the  distance  increases,  it  follows,  that  at  the  nearest  distance  of  the  comet,  the  j 
heat  and  light  of  the  sun  will  be  four  times  the  heat  and  light  at  the  earth,  and  ) 
at  the  greatest  distance  they  will  be  about  twelve  hundred  times  le 
the  heat  and  light  at  the  more  remote  extremity  of  the  orbit,  will  be  nearly  fivt 
thousand  times  less  than  at  the  nearer  extremity ;  so  that  while  the 
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5  from  the  comet  will  appear  four  times  as  large  as  it  appears  at  the  earth  at 
r  extremity,  it  will  be  reduced  to  the  magnitude  of  a  aiar  at  the  m 
e  extremity.  The  vicissitudes  of  temperature,  not  to  mention  those 
?  light,  consequent  upon  this  change  of  position,  will  be  sufficiently  obvious.  If  J 
i  the  earth  were  transported  to  the  more  remote  extremity  of  the  comet's  orbit,  , 
)  every  liquid  substance  would  become  solid  by  congelation  ;  and  it  is  extremely  J 
j  probable  that  atmospheric  air  and  other  permanant  gases  might  become  liquids.  > 
J  If  the  earth  was,  on  the  other  hand,  transferred  to  the  nearer  extremity  of  the  ( 
,'a  orbit,  all  the  liquids  upon  it  would  be  converted  into  vapor,  woiild  form  ? 
/  permanent  gasea,  and  would  either  by  their  mixture  constitute  atmospheric 
J  or  would  arrange  themselves  into  strata,  one  above  the  other,  according  to  tl 
?  specific  gravities.  All  the  less  refractory  solids  would  be  fused,  and  would  f 
J  form  in  the  cavities  of  the  nucleus,  oceans  of  liquid  metal. 

The   following  observations  of  Dick  on   this   comet   wCl   be   read  with  J 
iterest : — 

"  Soon  after  the  middle  of  September,  as  I  was  taking  a  sweep  jvith  a  two- 

Bet  telescope  over  the  northeastern  quarter  of  the  heavens,  near-  the  point  f 

)  where  I  expected  its  appearance,  I  happened  to  fix  my  eye  on  ihis  long-expected  J 

■  er,  which  appeared  very  small  and  obscure.     I  immediately  directed  an 
)  excellent  three  and  a  half  feet  achromatic  telescope,  with  a  diagonal  eye  piece, 
i  magnifying  about  thirty-four  times,  to  the  comet,  when  it  was  distinctly  seen,  ) 
md  appeared  of  a  considerable  diameter,  but  still  somewhat  hazy  and  obscure.  J 
!  I  afterward  applied  a  power  of  forty-five,  and  another  of  ninety-five  ;  but  it  » 
-een  most  distinctly  with  the  lower  power.     With  ninety-five  it  appear 
xiremely  obscure,  and  nearly  of  the  apparent  size  of  the  moon." 
"  There  appeared  at  ihis  time  nothing  like  a  tail,  but  the  central  part  v. 
i  much  more  luminous  than  the  other  portions  of  the  comet,  and  presented  son 
(  thing  like  the  appearance  of  a  star  of  the  third  or  fourth  magnitude,  surrounde?!  ! 
J  with  a  haze.     In  some  of  the  views  I  took  of  this  object,  the  luminous  part,  o 
i  nucleus,  appeared  to  be  considerably  nearer  one  side  than  another,     ^t  this  J 
J  period,  and  for  a  week  or  ten  days  afterward,  the  comet  was  altogether  invisible  \ 
I  to  the  naked  eye.     Many  subsequent  observations  were  made  and  published  in  i 
J  the  provincial  newspapers,  but  which  my  present  limits  prevent  me  from  \ 

Af        he  comet  became  visible  to  the  naked  eye,  the  tail  began  to  appear 
ed  in  length  as  it  approached  its  perihelion,  and  at  its  utmost  exten 
ted  to  be  above  thirty  degrees  in  length.     On  the  .13th  of  October 
d    g    0  the  observations  of  Arago,  a  luminous  sector  was  visible  in  iii 
i  he  day  following,  this  sector  had  disappeared,  and  a  more  brilliant  j 

I    nd     '  greater  longitudinal  extent,  was  formed  in  another  place.     This  j 
md  sector  was  observed  on  the  17th,  when  it. appeared  less  bright ;  am 
18th  ils  weakness  had  decidedly  increased.     This  comet  was  concealed  f 
i  till  the  21st,  but  on  that  day  three  distinct  sectors  were  visible  in  the  nebulosity.  ■ 
{  On  the  23d,  all  traces  of  these  sectors  had  disappeared,  the  nucleus,  which  J 
)  had  previously  been  brilliant  and  well  defined,  having  become  so  large  and  ( 
(  diffuse  that  the  observer  could  scarcely  believe  in  the  reality  of  such  a  sudden  J 
}  and  important  alteration,  till  he  satisfied  himself  that  the  appearance  was  not 
J  occasioned  by  moisture  on  the  glasses  of  his  instrument.     It  appears,  likewise, 
j  that  one  of  these  luminous  fans  or  sectors  was  observed  by  Sir  J.  Herschel,  at 
<  Ihe  Cape  of  Good  Hope,  after  the  comet  had  passed  its  perihelion.     The  nebu- 
^  losily  of  this  comet  appears  to  have  increased  in  magnitude  as  it  approached  I 
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ihe  8un,  but  iis  changes  were  sometimes  unaccoanlably  rapid :  on  one  occasion 
it  was  observed  to  become  obscure  and  enlarged  in  llie  course  of  a  few  hours, 
though  a  Htlle  before,  its  nucleus  was  clear  and  well  defined.  On  the  11th  of 
October,  the  Rev.  T.  W.  Webb,  and  two  other  observers  remarked  corusca- 
tions in  the  tail.  On  that  evening,  at  seven  hours  and  thirty  minutes,  the  tail 
was  very  conspicuous,  extending  between  x  and  r  Draconis,  and  evidently 
fluctuated,  or  rather ,  coruscated,  in  length,  being  occasionally  short,  and  ihen 
stretching  in  the  twinkling  of  an  eye  to  its  full  extent,  which  was  at  least  equal 
to  ten  degrees.  Its  changes  were,  extremely  similar  to  the  kindling  and  fading 
of  a  very  faint  streamer  of  the  aurora  borealis. 

"  The  influence  of  the  ethereal  medium  on  the  motion  of  Halley's  comet  will 
be  known  after  another  revolution,  and  future  astronomers  will  learn,  by  the 
accuracy  of  its  returns,  whether  it  has  met  with  any  unknown  cause  of  distur- 
bance in  its  distant  journey.  Undiscovered  planets  beyond  the  visible  boundary 
of  onr  system  may  change  its  path  and  the  period  of  its  revolution,  and  thus 
may  indirectly  reveal  to  us  their  existence,  and  even  iheir  physical  nature  and 
orbit.  The  secrets  of  the  yet  more  distant  heavens  may  be  disclosed  to  future 
generations  by  comets  which  penetrate  still  further  into  space,  such  as  that  of 
17.63,  which,  if  any  faith  may  be  placed  in  the  computation,  goes  nearly  forty- 
three  times  further  from  the  sun  than  Halley's  does,  and  shows  that  the  sun's 
attraction  is  powerful  enough  at  the  distance  of  144,600,000,000  of  miles  to  ■ 
recall  the  comet  to  its  perihelion.  The  periods  of  some  comets  are  said  to  be 
many  thousand  years,  and  even  the  average  time  of  the  revolution  of  comets 
generally  is  about  a  thousand  years ;  which  proves  that  t!ie  sun's  gravitating 
force  extends  very  far.  La  Place  estimates  that  the  solar  attraction  is  felt 
throughout  a  sphere  whose  radius  is  a  hundred  millions  of  times  greater  than 
the  distance  of  the  earth  from  the  sun." 

"  The  orbit  of  Halley's  comet  is  four  times  longer  than  it  is  broad  ;  its  length 
is  about  three  thousand  four  hundred  and  twenty  millions  of  miles — about 
thirty-six  times  the  mean  distance  of  the  earth  from  the  sun.  At  this  perihe- 
lion it  comes  within  fifty-seven  millions  of  miles  of  the  sun,  and  at  its  aphelion 
it  is  sixty  times  more  distant.  On  account  of  this  extensive  range,  it  must 
experience  three  thousand  six  hundred  times  more  light  when  nearest  to  the 
8Vm  than  in  the  most  remote  point  of  its  orbit.  In  the  one  position  the  sun  will 
seem  to  be  four  times  larger  than  he  appears  to  us,  and  at  the  other  he  will 
not  be  apparently  larger  than  a  star."  * 

The  appearance  of  this  comet  so  near  the  time  predicted  by  astronomers, 
and  in  positions  so  nearly  agreeing  with  those  which  were  previously  calcu- 
lated, is  a  clear  proof  of  the  astonishing  accuracy  which  has  been  introduced 
into  astronomical  calculations,  and  of  the  soundness  of  those  principles  on 
which  the  astronomy  of  comets  is  founded.  It  likewise  shows  that  comets  m 
general  are  permunenl  bodies  connected  with  the  solar  system,  and  that  no  very 
considerable  change  in  their  constitution  lakes  place  while  traversing  the 
distant  parts  of  their  orbits. t 

"  Mr>,  Soraerville'B  «  Connexion  of  the  Physical  Sciences,"  a  work  which.  Ihongh  writlen  in  a 
popnlar  style,  would  du  honor  to  the  first  philosopher?.of  Enrape.  Of  Ihia  Udy'a  profound  mathe- 
matica!  work  oa  the  "Mechanism  of  the  Heavens,"  the  Edluhnrgh  Heviewcra  remark;  "  Ii  » 
nnqoestionably  one  of  the  most  remarkable  works  that  female  LnteUect  ever  produced  lu  any  age  or 
connliy  j  and  with  respect  to  the  present  day,  we  hazard  liitle  in  saying,  that  Mrs.  Somervdle  is  the 
only  individual  of  her  eex  in  the  world  who  could  have  written  it" 

t  The  most  particular  observations  oa  Halle/s  comot,  during  its  appearance  m  18J5.  which  I 
have  seen  are  those  which  were  made  by  tlie  Hev.  T.  W.  WebB,  of  Tretire,  near  Ross,  an  account 
of  which,  with  deductions  and  remarks,  was  read  to  the  Worcestershire  Natural  History  Society. 
The  observations  were  made  with  nn  excellent  achromatic  telescope,  by  Tulley,  of  5  feet  6  inches 
focal  length,  and  37-10  inches  apertnre.  Thmngh  the  kindness  of  diis  gentleman,  I  was  favored 
with  a  manuscript  copy  of  these  obserraiions,  and  would  have  avMled  myself  of  maoy  of  hia 
)  judicious  remarks,  had  ray  limits  penoilled. 


I  (osted  by 


Google 


y  Google 


itmospherio  Air  ifi.  Material.— Ha  Color.— Canse  of  the  Blue  Bky.— Cause  of  the  Qreon  Sea.— Ail  ( 
has  WeighL— Esperimentiil  Praofe,— Air  has  Inertia.—Bxaniples  of  ita  Heaiatance,— It  acqnire 
Moving  Force.— Euamples  of  ile  Impaet,— Air  ia  Impenetrable.- Eiperimenial  Proofa.- Elasiii 
and  compresaing  Forces  equal— Limilcd  Height  of  the  Atmoaphere.— Elasticity  proportioned  ti 
the  Density— Experimental  Proofa.- Internal  and  External  Preaaure  on  close  Vessels  coniflinini 


Hosted  by 


Google 


Hosted  by 


Google 


THE  ATMOSPHERE. 


THE  ATMOSPHERE. 


The  Atmosphere  is  the  thin  transparent  fluid  which  surrounds  the  earth  ti 
a  considerable  height  above  its  surface  and  which,  in  virtue  of  one  of  its  con 
8tit«ent  elements,  supports  animal  life  by  respiration,  and  is  necessary,  also,  i 
to  the  due  exercise  of  the  vegetable  functions.     This  substance  is  generally,  ' 
but  erroneously  regarded  as  invisible.     That  it  is  not  invisible  may  be  pro' 
by  turning  our  view  to  the  Srmaraent :  thai,  in  the  presence  of  light,  appear 
vault  of  an  azure  or  blue  color.     This  color  belongs  not  to  anything  which  ) 
occupies  the  space  in  which  the  stars  and  olher  celestial  objects  are  plac 
but  to  the  mass  of  air  through  which  these  bodies  are  seen.     It  may  probably  | 
be  asked,  if  the  air  be  an  azure-colored  body,  why  is  not  that  which  immedi- 
ately surrounds  us  perceived  to  have  this  azure  color,  in  the  same  manner  as  a 
blue  liquid  contained  in  a  bottle  exhibits  its  proper  hue  ?     The  question  is  ) 
easily  answered. 

There  are  certain  bodies  which  reflect  color  so  faintly,  that  when  they  e. 
in  limited  quantities,  the  portion  of  colored  light  which  they  reflect  to  the  ( 
eye  is  insufficient  to  produce  sensation ;  that  is,  to  excite  in  the  mind  a  per- 
ception of  the  color.    Almost  all  semi-transparent  bodies  are  examples  of  this. 
Let  a  champagne  glass  be  filled  with  sherry,  or  other  wine  of  that  color.  At  the 
thickest  part,  near  the  (op  of  ihe  glass,  the  wine  will  strongly  exhibit  its  pecu- 
liar color,  but  as  the  glass  tapers,  and  its  thickness  is  diminished,  this  color  j 
will  become  more  faint  and,  at  the  lowest  point,  it  will  almost  disappear,  seem-  ( 
ing  nearly  as  transparent  as  water.  j 

Now  let  a  glass  tube,  of  very  small  bore,  be  dipped  in  the  same  wine,  and  ( 
the  finger  being  applied  to  the  upper  end,  let  it  be  raised  from  the  liquid,  the  ) 
wine  will  remain  suspended  in  the  tube,  and  if  it  be  looked  at  through  the  tube  ( 
it  will  be  found  to  have  all  tho  appearance  of  water  and  to  be  colorless. 


Ihis' 


I  be  no  doubt  that  the  » 


e  tube  has  actually  the  s 


j  color  as  the  liquid  of  wTiich  it  originally  formed  a  part,  but  existing  only  ii 
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J  small  quantity,  that  color  is  transmitted  to  the  eye  so  faintly  as  to  he  inefficieni  ( 
'n  producing  perception. 

The  water  of  the  sea  exhihits  another  remarkable  example  of  this  effect, 
f  we  look  into  the  sea  where  the  water  has  considerable  depth,  we  find  ibat 
)  its  color  is  a  peculiar  tint  of  green ;  but  if  we  take  up  a  glass  of  the  water 
j  which  thus  appears  green,  we  shall  find  it  perfectly  limpid  and  colorless.  Tho  ) 
ion  is,  that  the  quantity  of  the  color  is  loo  small  to  be  perceivable  ;  while  the  J 
s  great  mass  of  water,  viewed  when  we  look  inta  the  deep  sea,  throws  up  the  ) 
)  color  in  such  abundance  as  to  produce  a  strong  and  decided  perception  of  it. 
The  atmosphere  is  in  ihe  same  circiunstancea  ;  the  color,  from  even  a  con 

>  siderable  portion  of  it,  is  too  faint  to  be  perceptible.     Hence  the  air  which  i 
J  fills  an  apartment,  or  which  immediately  surrounds  ua  when  abroad  appears 

)  colorless  and  transparent.     But  when  we  behold  the  immense  'mass  of  atmo- 
S  sphere  through  which  we  view  the  firmament,  the  color  is  reflected  with  suffi- 
ienl  force  to  produce  distinct  perception.     But  it  is  not  necessary  for  this  that 
o  great  an  extent  of  air  should  be  exhibited  to  us  as  that  which  forms  the  S 

>  whole  depth  or  thickness  of  the  atmosphere.  Distant  mountains  appear  blue,  < 
not  because  tha,t  is  their  color,  but  because  it  is  the  color  of  the  medium  through  ) 
which  they  are  seen. 

Although  the  preceding  observations  belong  more  properly  to  optics  than  t( 

our  present  subject,  yet  still,  since  the  exhibition  of  color  11  one  of  the  mani 

i  festations  bf  the  presence  of  body,  they  maj  not  be  considered  as  foreign  to  ! 

a  investigation  of  the  mechanical  properties  of  atmospheric  air.  The  mind  un-  ' 

ccustomed  to  physical  inquiries  finds  it  difficult  to  admit  that  a  thing  so  light,  ! 

I  attenuated,  impalpable,  and  apparently  spiritual  as  air,  should  be  composed  of  J 

J  parts  whose  leading  properties  are  identical  with  those  of  the  most  solid  and  ada-  j 

itine  masses.     The  knowledge  that  we  see  the  air  must,  at  least,  prepare  ( 

mind  for  the  admission  of  the  truth  of  this  proposition, that  "  air  is  a  body."  J 


Among  the  properties  which  are  observed  to  appertain  to  matter,  and  which  / 
IS  far  as  we  know  are  inseparable  from  it,  in  whatever  form,  and  under  what-  J 
!ver  circumstances  it  exists,  weight  and  inertia  hold  3  conspicuous  place.     To 
I  be  convinced,  therefore,  that  air  is  material,  we  ought  to  ascertain  whether  il 
>  possesses  those  properties.     We  shall  have  frequent  and  numerous  proofs  of 
t  this  ;  but  it  will  at  present  be  convenient  to  demonsl.'ate  it  in  such  a  mannet 
that  we  shall  be  warranted  in  assuming  it  in  some  of  the  explanations  which  ) 
we  shall  have  to  ofier.  J 

The  most  direct  proof  that  air  has  weight,  is  the  fact  (hat  if  a  quantity  of  it  ) 
be  suspended  from  one  arm  of  a  balance,  it  will  require  a  definite   weight  t 
counterpoise  it  in  the  opposite  scale.     By  the  aid  of  certain  pneumalical  er 
5  gines,  die  nature  of  which  will  be  explained  hereafter,  but  the  operation  an 
)  effects  of  which  will  for  the  present  be  assumed,  this  may  be  experimentally  ) 
I  established. 

Let  a  vessel  containing  about  two  quarts,  be  formed  of  thin  copper,  with  a 
larrow  neck,  in  which  is  placed  a  slop-cock,  by  turning  which  the  vessel  may  J 
le  opened  or  closed  at  pleasure.     Let  two  instruments  be  provided  called  syr-  < 
ngea ;  one,  the  exhausting  syringe,  and  the  other  the  condensing  syringe.  ' 
^et  the  exhausting  syringe  be  screwed  upon  the  neck  of  the  vessel  and  let  the  ) 
iiop-cock  be  opened  so  that  the  interior  of  the  vessel  shall  have  free  communica- 
ion  with  the  bottom  of  the  syringe  ;  if  ihe  syringe  be  now  worked,  a  large  portion 
J  of  the  air  contained  in  the  vessel  may  be  withdrawn  from  il.     When  this  has 
n  done,  let  the  stop-cock  be  closed  to  prevent  ihe  rcadmission  of  air,  and  let  ( 
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J  the  Tessel  be  detached  from  the  syringe.     Let  it  then  be  placed  in  the  dish  of  j 

a  weil-construcl«d  balance  and  accurately  counterpoised  by  weights  in  the  op- 
}  posiie  scale.  The  weight  which  is  thus  counterpoised  is  that  of  the  vessel,  ■ 
1  and  the  small  portion  of  air  which  remains  in  it,  if  the  latter  have  any  weight. 

Let  the  slop-cock  be  now  opened  and  the  external  air  will  be  immediately  heard  ( 
vrusliing  into  the  vessel. 

?       When  a  small  quantity  has  been  thus  admitted  let  the  stop-cock  be  a^ 

J  closed.     It  will  be  fouad  that  the  copper  vessel  is  now  heavier,  iu  a  small  de-  ) 

)  gree,  than  it  was  before  the  air  was  admitted,  for  the  arm  of  the  balance  from  I 

which  it  is  suspended  will  be  observed  to  preponderate.     Let  such  additional  ) 

eights  be  placed  in  ihe  opposite  scale  as  will  restore  equihbrium,  the  stop- 
cock being  now  once  more  opened,  the  air  will  be  observed  to  rush  in  as  be- 
\  fore,  and  will  continue  to  do  so  until  as  mnch  has  passed  into  the  vessel  as  it 
led  before  the  exhausting  syringe  was  applied.     The  weight  of  the  ves- 
1  now  be  observed  to  be  further  increased,  the  end  of  the  beam  from  i 
}  which  it  is  suspended  preponderating. 

These  facta  are,  perhaps,  suUicient  proofs  that  air  has  weight ;  bnt  the  ex- 
i  periraent  may  be  carried  further.     Let  the  condensing  syringe  be  now  attached  ( 
1       d  let  the  stop-cock  in  the  neck  be  opened  so  as  to 
n  b    ween  the  vessel  and  the  bottom  of  the  syringe, 

f   h  rument  is  such  that  by  working  it  an  increased 

1  y  b    f        d  into  the  vessel  to  any  extent  which  the  strength  ) 
p  bl      f  b    ring.     A  considerably  increased  quantity  of  ai 
d         h       essel,  let  the  slop-cock  be  closed  so  as  to  pre 
Th  1  being  detached  from  the  -syringe,  is  restored  ti 

1  h     weights  which  counterpoised  it  before  the  in 

f       w      f    ced  in  still  remaining  unchanged  in  the  opposite  ! 
wo  longer  remain  counterpoised,  but  will  prepon- 
creased  weight  in  the  opposite  scale  to  restore  J 


dq 
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I     h       xp               w  hat  every  increase  which  is  given  to  the  quan- 

j     f               la      d  sel  produces  a.  corresponding  increase  in  its 

»     h        d  h            yd  on  of  the  quantity  of  air  it  contains  produces  a 

rr    p     di  g  dimi  Is  weight.     Hence  we  infer  that  the  air  which  is 

d  d  w  hd  from  the  vessel  has  weight,  and  that  it  is  by  the  J 

m  f       w  h     h  h    weight  of  the  vessel  is  increased  or  diminished.  { 

W  1   11  h  f      1  any  other  instances  of  the  gravitation  of  ali 

ph               b             1    11  he  present  assume  the  principle  that  air 

tv      h  i      d  d        h      xp     mental  proof  just  given. 


That  air,  in  common  with  all  other  bodies,  possesses  the  quality  of  inertia,  ) 
lumerous  familiar  effects  make  manifest.     Among  the  effects  which  betray  this  'I 
j  quality  in  solid  bodies,  is  the  fact  that  when  one  solid  body  puts  another  i 

ion,  the  former  loses  as  much  force  as  the  latter  receives.     This  loss  of 
j  force  is  called  resistance,  and  is  attributed  to  the  quality  of  inertia,  or  inability  1 
dther  the  striking  or  struck  body  to  call  into  existence  more  force  in  a  given  ! 
J  direction  than  previously  existed.     When  the  atmosphere  is  caira  and  free  from  } 
{  wind,  the  particles  of  air  maintain  iheir  position,  aud  are  in  a  state  of  rest. 

a  solid  body,  presenting  a  broad  surface,  be  moved  through  the  air  in  this  J 
J  state,  it  must,  as  it  moves,  drive  before  it  and  put  in  motion  those  parts  of  the 
lT  which  lie  in  the  space  through  which  it  passes.     Now,  if  the  air  had  no 
lertia,  it  would  require  no  force  to  impart  this  motion  to  them,  and  to  drive 
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J  them  before  the  moving  solid  ;  and  as  no  force  would  in  that  case  be  imparted  J 
f  to  the  air,  so  no  force  would  be  lost  by  the  solid  ;  in  other  words,  the  solid  i 
S  would  suffer  no  resistance  to  its  motion. 

But  every  one's  experience  proves  this  not  to  be  the  case.     Open  an  um- 

i  brella  and  attempt  to  carry  it  along  swiftly  with  its  concave  side  presented  for- 

J  ward— it  wUl  immediately  be  felt  to  be  opposed  by  a  very  considerable  re- 

5  sistance,  and  to  require  a  great  force  to  draw  it  along.     Yet  this  force  is  noth- 

"ng  more  than  what  is  necessary  to  push  the  air  before  the  umbrella. 

On  the  deck  of  a  steamboat  propelled  with  any  considerable  speed,  we  feel 
>R  the  calmest  day  a  breeze  directed  from  the  stem  to  the  stern.     Tills  arises  j 
J  from  the  sensation  produced  by  our  body  displacing  the  air  as  we  are  carried  j 
j  through  it. 

1       It  is  the  inertia  of  the  atmosphere  which  gives  effect  to  the  wings  of  birds. 
J  Were  it  possibie  for  a  bird  to  live  without  respiration,  and  in  a  space  void  of  , 
}  air,  it  would  no  longer  have  the  power  of  flight.     The  plumage  of  the  wings  ' 
(  being  spread,  beating  with  a  broad  surface  on  the  atmosphere  beneath  them,  I 
esisted  by  the  inertia  of  the  atmosphere,  so  that  the  air  forms  a  fulcrum,  as 
'ere,  on  which  the  bird  rises  by  the  leverage  of  its  wings. 
IS  3  body  at  rest  manifests  its  inertia  by  the  resistance  which  it  offers  when  j 
(  put  in  motion,  so  a  body  in  motion  exhibits  the  same  quality  by  the  force  with  j 
1  which  it  strikes  a  body  at  rest.     We  have  seen  examples  of  the   resistance  i 
I  whicli  the  atmosphere  at  rest  offers  to  a  body  in  motion  ;  but  the  force  with  ) 
i  which  the  atmosphere  in  motion  acts  upon  a  body  at  rest  is  exhibited  by  ex-  J 
(  amples  far  more  niimerous  and  striking.     Wind  is  nothing  more  than  moving  i 
)  air ;  and  its  force,  like  that  of  every  other  body,  depends  on  the  quantity  moved,  \ 
i  and  the  speed  of  the  motion.     Every  example,  therefore,  of  the  effects  of  the  \ 
)  power  of  wind,  is  an  example  of  the  inertia  of  atmospheric  air.     In  a  wind-  ) 
j  mill,  the  moving  force  of  all  the  heavy  parts  of  the  machinery  is  derived  from  j 
j  the  moving  force  of  the  wind  acting  upon  the  sails,  and  the  resistance  of  the  J 
(  work  to  which  the  mil!  is  applied  is  overcome  by  the  same  power.     A  ship  f 
's  propelled  through  the  deep,  and  the  deep  itself  is  agitated  and  raised  in 
vaves  by  the  inertia  of  the  atmosphere  in  motion.     As  the  velocity  increases, 
he  force  becomes  more  irresistible,  and  we  find  buildings  totter,  trees  torn 
I  from  the  roots,  and  even  the  solid  earth  itself  yield  before  the  force  of  the  hur- 


IMPESETRABILITY    OF    AIR. 

iince  air  may  be  seen  and  fill — since   it  has  color  and  weight — and  sti 

<  it  opposes  resistance  when  acted  upon,  and  strikes  with  a  force  proportionate  < 

)  to  the  speed  of  its  motion — we  can  scarcely  hesitate  to  admit  that  it  has  quali-  J 

t  tieg  which  entitle  it  to  be  classed  among  material  substances ;  but  one  other  ( 

)  quality  still  remains  to  be  noticed,  which  perhaps  decides  its  title  to  materiality  J 

t  more  unanswerably  than  any  of  the  others.     Air  is  impenetrable ;  it  enjoys  j 

that  peculiar  properly  of  matter  by  which  it  refuses  admission  to  any  other  j 

,  body  to  the  space  it  occupies,  until  it  quit  that  space.     This  property  air  pos 

ses  aa  positively  as  adamant.     The  difficulty  which  is  commonly  felt  i 

e     ng  the  impenetrability  of  substances  of  this  nature  arises  partly  from  ! 

J  coni     nding  the  qualily  of  impenetrability  with  that  of  hardness,  and  partly  j 

'  om     0    attending  to  the  fact  thai,  when  a  body  moves  through  the  air,  it  j 

he  air  before  it  in  the  same  manner  as  a  vessel  moving  through  the  > 

t         p  opels  the  fluid.  ( 

L     a  bladder  be  lilted  with  air,  and  tied  at  the  mouth :  we  shall  then  be  able  } 

0  f    1  he  air  it  contains  as  distinctly  as  if  the  bladder  were  filled  with  a  solid  J 
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e  air  is  prevented  from  es- 
;  and  if  the  bladder  be  sub- 
bed by  mecbanical  means,  it 

)ace  where  i 


j  body.     We  shall  find  it  impossible,  so  lot 
)  caping,  to  press  the  sides  of  the  bladder  t(  _ 
mitted  to  such  severe  pressure  as  may  be  produt 
will  burst  before  the  air  will  allow  it  to  collapse. 

Tliat  air  will  not  allow  the  entrance  of  another  body  into  tl 
it  is  present,  may  also  be  proved  by  the  following  experiment ; — 

Let  A  B,fig.  1,  be  a  glass  vessel  open  at  the  end  A,  and  having  a  short  tube 
}  from  the  bottom,  furnished  with  a  stopcock  C.     Let  D  E,  fig.  2,  be  another  I 

IS  vessel  containing  water.     On  the  surface  of  this  water  let  a  small  pii 
j  of  cork  F  float.     Let  the  vessel  A  B,  having  the  stopcock  C  closed,  bo  n 
nverted  ;  let  its  mouth  A  be  pliced  over  the  cork  F,  and  let  it  thus  be  pressed  j 
o  any  depth  iu  the  reservoir  D  E.     If  the  air  in  A  B  were  capable  of  permit- 
{  ting  the  entrance  of  another  body  into  the  space  in  which  it  is  present,  the 

er  in  the  reservoir  D  E  would  now  enter  at  the  mou(h  of  the  vessel  A,  and  < 
J  rising  in  il,  would  stand  at  ihe  same  level  within  the  vessel  A  B  as  that  which  j 
'  as  without  it.  But  this  is  not  found  to  be  the  case.  When  the  vessel  A  j 
<  B  is  pressed  into  the  reservoir,  the  surface  of  the  water  within  A  B  wiU  be  ( 
j  observed  still  near  the  month  A,  as  will  be  indicated  by  the  position  of  the  ( 
(  cork  which  floats  upon  it,  and  as  is  represented  in  fig.  3.     It  appears,  there-  J 

Fig.  I.  F^.  a.  Fig.  3 


fore,  manifestly,  that  whatever  be  the  cause,  the  water  is  excluded  from  the  f 
vessel  A  B.     That  this  cause  is  the  presence  of, the  air  included  in  the  ves- 
sel, is  proved  by  opening  the  stopcock  C,  and  allowing  the  air  to  escape.     By  ) 
the  established  principles  of  hydrostatics,  the  surface  of  the  water  within  the  j 
vessel  A  B  exerts  an  upward  pressure  proportionate  to  the  depth  of  that  si 
face  below  the  surface  of  the  water  exterior  to  the  vessel  A  B.     This  pressu 
acting  upon  the  air  enclosed  in  the  vessel  A  B,  forces  it  out  the  moment  t 
stopcock  C  is  opened,  and  immediately  the  surface  of  the  water  within  A  B  \ 
rises  to  the  level  of  the  surface  without  it. 

We  have  staled  that  the  surface  of  the  water  within  A  B  remains  nearly  a 
the  mouth  of  that  vessel  when  it  is  plunged  in  the  resen'oir.     It  would  remaii 
exactly  at  the  mouth  if  air  were  incompressible  ;  but,  on  the  contrary,  this  fluid  < 
is  highly  compressible,  allowing  itself  to  be  forced  into  reduced  dimensions  by  J 
the  appUcation  of  adequate  mechanical  force.     It  is  necessary,  however,  not  } 
to  confound  compressibility  with  penetrability.     So  far  from  these  qualities 
being  identical,  the  one  implies  the  absence  of  the  other.     A  body  is  compres- 
sible when  the  forcible  intrusion  of  another  body  into  the  space  within  which  j 
it  is  confined  causes  its  'particles  to  retreat  and  to  accommodate  their  g 
raiigement  to  the  more  limited  space  within  which  they  are  compelled  to  ) 

The  very  fact  of  their  thus  retreating  before  the  intruding  body  is  a  distinct  S 
manifestation  of  their  impenetrability.     If  they  were  penetrable,  the  body  ( 
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S  would  enter  the  space  in  which  they  were  confined,  without  driving  then 
it,  or  otherwise  disturbing  their  arrangement. 


'.  will  be  evident,  upon  the  slightest  reflection,  that  the  elasticity  of  air  mus 
X  be  equal  to  the  force  which  is  necessary  to  confine  it  within  the  space  it  oc 
>  cupies.     Let  us  suppose  that  A  B,  fig  4,  is  a  cylinder,  having  a  piston  P  fitting 


\ 


air-tight  at  the  top  ;  and  let  us  imagine  that  this  piston  P  is  not  acted  upon  by  J 
any  external  force  having  a  tendency  to  keep  it  in  its  place.  If  the  cylinder  ) 
below  the  piston  be  filled  with  air,  this  air  will  have  a  tendency,  by  virtue  of  \ 
its  elastichy,  to  expand  into  a  wider  space,  and  this  tendency  will  be  mani-  5 
fesied  by  a  pressure  exerted  by  the  air  on  all  parts  of  the  surfaces  which  con-  ) 
fine  it.  The  piston  P  will  therefore  be  subject  to  a  force  lending  to  displace  ) 
it  and  drive  it  from  the  cylinder,  the  amount  of  which  will  be  the  measure  of  ) 
the  elasticity  of  the  air  beneath  it.  Now,  if  this  piston  be  not  subject  to  the  ; 
action  of  a  force  directed  inward,  exactly  equal  in  amount  to  the  pressure  thus  ' 
exerted  by  the  elastic  force  of  the  air,  it  cannot  maintain  its  position.  If  it  be  ( 
subject  to  an  inward  force  of  less  amount  than  the  elastic  pressure,  then  the  j 
latter  will  prevail,  and  the  piston  be  forced  out.  If  it  be  subject  to  an  inward  ) 
force  greater  in  amount  than  the  elastic  pressure,  then  the  former  will  prevail,  ( 
and  the  piston  will  be  forced  in,  the  air  being  compelled  to  retreat  within  a 
more  confined  space.  In  no  case,  therefore,  can  the  piston  maintain  its  posi- 
tion, except  when  it  is  suhject  to  an  inward  pressure  exactly  equal  to  the  elastic 
force  of  the  air  enclosed  in  the  cylinder. 

The  property  of  elasticity  renders   it  necessary  that,  in  whatever  state  air  ) 
exist,  it  shall  be  restrained  by  adequate  forces  of  some  definite  amount,  and  { 
which  serve  as  antagonist  principles  to  the  unlimited  power  of  dilatation  which  l 
the   elastic  property  implies.     In  all  cases  which  fall  under  common  obse 
ration,  air  is  either  restrained  by  the  resistance  of  solid  surfaces,  or  jt  is  press* 
by  the  incumbent  weight  of  the  mass  of  atmosphere  placed  above  it.  ■  It  may  ) 
be  asked,  however,  whether  it  will  not  follow  from  this,  that  the  extent  of  our 
atmosphere  is  infinite  :  for  that,  as  we  ascend  in  it,  the  weight  of  the  superior 
mass  of  air  must  be  gradually  and  unceasingly  lessened,  and  therefore  the 
force  which  resists  the  expansive  principle  being  removed  by  degrees,  the  fluid  { 
will  spread  through  dimensions  which  are  subject  to  no  limitation.     Although  ) 
it  is  undoubtedly  true  thai  these  considerations  lead,  us  justly  to  conclude  that  J 
our  atmosphere  extends  to  a  great  distance  from  the  surface,  and  that  the  \ 
higher  strata  of  it  are  attenuated  to  a  degree  which  not  only  exceeds  the  pow. 
ers  of  art  to  imitate,  but  even  outstrips  the  powers  of  imagination  to  con 
ceive  ;  yet  still  the  understanding  can  suggest  a  definite  limit  to  this  expansion 
Numerous  physical  analogies  favor  the  conclusion  that  the  divisibility  of  matiei 
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)  has  a  limit,  or  that  all  material  substances  consist  of  ultimate  constituent  par- 
5  tides  or  atoms,  which  admit  of  no  further  subdivision,  and  on  the  muiual  i 
I  relations  of  wliich  the  form  and  properties  of  the  various  species  of  bodies  } 
lepend. 

Now  those  ultimate  particles  of  the  air  are  endued  with  a  certain  definite 

s-eight,  because  it  is  the  aggregate  of  iheir  weights  which  form  the  weight  of 

iny  mass  of  air.     It  is  a  fact,  established  by  experiment,  that  in  proportion  as 

(ir  expands,  its  elastic  force  is  diminished  ;  and  therefore,  if  it  continue  to 

I  expand,  it  will  at  length  attain  a  state  of  attenuation  in  which  jhe  disposition 

"  ■  5  constituent  particles  to  separate  by  their  elasticity  is  so  far  diminished 

)t  to  exceed  the  gravity  of  those  constituent  particles  themselves.     In  this 

the  two  forces  will  be  in  equilibrium,  and  the  elastic  force  being  neutral- 

/  ized,  the  particles  will  no  longer  be  dilated.  _ 

'  .  these  observations  we  have  assumed  a  principle  which  is  of  the  last  ! 
importance  in  pneumatics,  and  which,  indeed,  may  be  regarded  as  forming  ) 
the  basis  of  this  part  of  physical  science,  in  the  same  manner  as  the  power  of  < 
transmitting  pressure  is  the  fundamental  principle  of  hydrostatics.  This  latter  j 
principle,  indeed,  also  extends  to  elastic  fluids  ;  and  all  the  consequences  of  j 
the  free  transmission  of  pressure  which  do  not  also  involve  the  supposition  o" 
incompressibility,  are  applicable  to  elastic  fluids  with  as  much  truth  as  1 
liquids.  But  the  principle  to  which  we  now  more  especially  refer,  and  which  J 
may  be  looked  upon  as  the  chief  characteristic  of  this  form  of  body,  and  n"- 
sary  to  render  definite  the  notion  of  their  elasticitj ,  may  be  announced  <i; 
lows : —  , 

"  The  elastic  force  of  any  given  portion  of  air  is  augmented  in  exactly  j 
the  same  proportion  as  the  space  within  which  it  is  enclosed  is  dimmished  ; 
and  its  elastic  force  is  diminished  in  exactly  the  same  proportion  as  the  space  J 
through  which  it  is  allowed  to  expand  is  augmented  ' 

Fig.  5.  Fig-  8. 


A        P 


To  explain  this,  let  A  B  C  D,  fig.  5,  be  conceived  to  be  acjlinder,  in  wliicha 
piston,  A  B,  moves  air  tight,  and  without  friction,  and  let  us  suppose  the  distance 
J  of  the  lower  surface,  A  B,  of  the  piston,  from  the  bottom,  D  C,  of  the  cylinder,  to 
\  be  12  inches.  Let  airbeiraaginediobeenclosed  belowthe piston, andletussup-  ( 
I  pose  that  the  elastic  force  of  this  air  is  such  as  to  press  the  piston  with  a  force  } 
I  of  16  ozs.     From  what  has  already  been  stated,  it  is  clear  that,  to  maintain  th 
t  piston  in  its  place,  it  is  necessary  that  it  should  be  pressed  downward  with  a 
{  equivalent  force  of  16  ozs.  'Now  let  the  force  upon  the  piston  be  doubled,  or  h 
}  the  piston  be  loaded  with  a  pressure  of  32  ounces.     The  inward  pressure  pre-  ) 
\  vailing  over  the  elasticity,  the  piston  will  immediately  be  forced  toward  D  C,  < 
i  but  will  cease  to  move  at  a  certain  distance,  A  B,  fig.  6,  from  the  bottom.    Now,  > 
J  if  this  distance  A  D  be  measured,  it  will  be  found  to  be  exactly  6  inches.    The  J 
J  ail  has,  therefore,  contracted  itself  into  half  its  former  dimensions. 
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Since  the  piston  is  sustained  in  the  position  represented  in  fig.  6,  it  folloi 

1  that  the  elasticity  of  the  air  beneath  it  is  equivalent  to  the  weight  of  the  piston,  ! 

j  A  B ;  and,  therefore,  that  the  air  included  in  the  cylinder  acquires  double  its  I 

I  original  elasticity  when  it  is  compressed  into  half  its  original  bulk. 
j       Let  the  piston  be  now  loaded  with  three  times  its  original  weight,  or  ^ 

?  ounces  ;  it  will  be  observed  to  descend  into  the  cylinder,  and  further  ti 

\  press  the  air,  until  its  distance  from  the  bottom  is  reduced  to  4  inches, 

j  that  distance  it  will  rest,  being  balanced  by  the  increased  elasticity  of  the  air :  ) 

j  this  air  is  now  compressed  into  one  third  of  its  original  bulk,  and  it  has  three  { 

j  times  its  original  elastic  force. 

i       In  the  same  manner,  in  whatever  proportion  the  weight  of  the  piston  be  i 

I  augmented,  in  the  same  proportion  will  the  distance  from  the  bottom  at  which  ? 

j  it  wilt  rest  in  equilibrium  be  diminished,  and,  consequently,  the  elastic  force  of  J 

j  the  air  is  increased  in  the  same  proportion  as  the  space  into  which  it  i; 

i  pressed  is  diminished, 
j       Let  us,  again,  suppose  the  piston  to  be  loaded  with  sixteen  ounces,  and  to  \ 

4  be  balanced,  as  in  fig.  5,  by  the  resistance  of  the  air  at  12  inches  from  the  bot- 

(  torn  of  the  cylinder.     But  let  us  also  suppose  the  cylinder  continued  upward  ( 

>  to  a  height  exceeding  24  inches;  let  the  weight  upon  the  piston  be  now  re- 
J  duced  to  eight  ounces.     Sines  the  elasticity  of  the  air  beneath  the  piston  v 
)  capable  of  supporting  sixteen  ounces,  it  will  now  prevail  against  the  dimin- 

<  ished  pressure  of  eight  ounces.     The  piston  will  continue  to  rise  in  the  cylin 

5  der  until  the  elasticity  of  the  air  is  so  far  diminished  by  expansion  that  it  is  J 
(  capable  of  supporting  no  more  than  eight  ounces  ;  the  piston  will  then  i 
)  in  equilibrium.    If  the  height  of  the  piston  above  ihe  bottom  be  nc 
J  it  will  be  found  to  be  24  inches,  that  is,  double  its  former  height ;  the  air  has,  I 
j  therefore,  expanded  to  double  its  former  dimensions,  and  is  reduced  to  half  il 
(  former  elasticity. 

>  In  like  manner  it  may  be  shown  that  if  the  weight  upon  the  piston 

<  duced  to  four  ounces,  or  a  fourth  of  its  original  amount,  the  piston  would  rise  to  four  J 
)  times  its  original  height,  or  48  inches,  before  it  would  be  capable  of  balancing  > 
J  the  reduced  elasticity  of  the  air.     Thus,  by  expanding  to  four  times  its  primi- 

1  tive  dimensions,  the  elasticity  of  the  air  is  reduced  to  one  fourth  of  its  primitive  > 

/  By  like  experiments,  it  is  easy  to  see  how  the  genera!  law  may  be  estab- 
J  lished.  In  whatever  proportion  the  weight  of  the  piston  may  be  increased  o 
?  diminished,  in  the  same  proportion  exactly  will  the  space  filled  by  the  s' 
j  which  balances  it  be  diminished  or  increased. 

S  The  preceding  illustration  has  been  selected  with  a  view  rather  to  make  the  \ 
j  property  itself  intelligible,  than  aa  a  practical  experimental  proof  of  it. 

>  use  of  pistons  moveable  in  cylinders  is  attended  with  inconvenience  in  c 

j  of  this  kind,  arising  from  the  effects  of  friction,  and  the  difiiculties  of  making  j 
)  due  allowance  for  them.     There  is,  however,  another  method  of  bringing  the 

S  law  to  the  test  of  experiment,  which  is  not  less  direct,  and  is  more  satisfactory. 
I       Let  A  B  C  D,  fig.  7,  be  a  glass  tube  curved  at  one  end,  B  C,  and  having  J 
J  the  short  leg,  C  D,  furnished  with  a  stop-cock  at  its  extremity ;  let  the  leg  B  A  j 
I  be  more  than  60  inches  in  length.     The  stop-cock  D  being  opened  so  as  to  ? 
S  allow  a  free  communication  with  the  air,  and  the  mouth  A  of  the  longer  leg  ) 
)  being  also  open,  let  as  much  mercury  be  poured  into  the  tube  as  will  fill  the  { 
j  curved  part  B  C,  and  rise  to  a  small  height  in  each  leg.     By  the  principles  of 
)  hydrostatics,  the  surfaces  of  the  mercury  E  and  F  will  stand  at  the  same  level, 
j  Let  Ihe  stop-cock  D  be  now  closed,  the  levels  E  F  will  stiU  remain  undis- 
?  turbed.     When  the  slop-cock  D  was  opened,  the  surface  F  sustained  a  pres- 
S  sure  equal  to  the  weight  of  a  column  of  air  continued  from  F  upward  as  far  as 
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J  the  atmosphere  extends.     But  the  stop-cock  D  being  closed,  the  effect  of  the 

>  weight  of  all  the  air  above  that  point  is  intercepted ;  and,  consequently,  the  S 
(  surface  F  can  sustain  no  pressure  arising  from  weight,  except  the  amount  of  ( 

>  the  weight  of  the  small  quantity  of  air  included  hetween  F  and  D,  which  is 

C  altogether  insignificant.  But  the  air  thus  included  presses  on  the  surface  F  I 
f  by  its  elasticity ;  and  the  amount  of  this  pressure  is  equal  to  the  force  which  } 
i  confined  the  air  within  the  space  F  D  before  the  stop-cock  was  closed  ; 
)  this  force  was  the  weight  of  the  column  of  atmosphere  above  D  ;  and  hence  il  S 
J  appears,  that  the  elastic  force  of  the  air  confined  in  the  space  D  F  is  equal  to  ( 

Now  the  other  surface,  E,  the  end  A  of  the  tube  being  open,  is  subject  t< 

>  the  atmospheric  pressure.     Thus  the  two  surfaces,  F  and  E,  of  the  mercury,  J 

e  each  subject  to  a  pressure  arising  from  a  different  quality  of  atmosphere  ;  < 
e  one  F,  being  pressed  by  its  elasticity,  and  the  other,  E,  being  pressed  by  ) 
J  its  weight.    These  pressures  being  equal,  the  surfaces  F  and  E  c      * 

Fig.  7.  Pig.  8. 


The  method  of  ascertaining  experimentally,  the  pressure  arising  from  the 
I  weight  of  the  atmosphere,  wiU  be  fully  explained  hereafter ;  meanwhile,  it  is 
)  necessary  for  our  present  purpose  to  assume  this  pressure  as  known. 

''jet  us  suppose,  then,  that  the  atmospheric  pressure  acting  upon  the  surface 

is  (he  same  as  would  be  produced  by  a  column  of  mercury  30  inches  in 

J  height  resting  on  the  surface  E  :  the  force  with  which  the  elasticity  of  the  air 

confined  in  D  F  presses  on  the  surface  F  is  therefore  equal  to  the  weight  of  a 

a  column  of  thirty  inches  of  mercury.     The  pressure  of  the  almpsphere  acting 

j  on  the  surface  E  is  transmitted  by  the  mercury  to  the  surface  F  and  balances 

e  elastic  force  just  mentioned.     Let  the  position  of  the  surface  F  be  marked 

?  upon  the  tube,  and  let  mercury  be  poured  into  the  longer  leg  at  A.     The  in- 

S  creased  pressure  produced  by  the  weight  of  this  mercury  wiU  be  transmitted 

?  (0  the  surface  F,  and  will  prevail  over  the  elasticity  of  the  confined  air  ;  this 

S  surface  will  therefore  rise  toward  D,  compressing  the  air  into  a  smaller  space. 

j  Let  the  mercury  continue  to  be  poured  in  at  A,  until  the  surface  F  rise  to  F', 

"j.  8,  the  middle  point  between  the  end  D  of  the  tube,  and  its  first  position 

j  F.     The  air  included  is  thus  compressed  into  half  its  former  dimensions,  and 

s  elasticity  will  be  measured  by  the  amount  of  the  force  with  which  the  sur- 
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whil     h    w  ight  of  ( 
J  the  incumbent  atmosphere  remains  unchanged ;  but  the  fuU  development  of  / 
?  this  last  consideration  belongs  to  the  theory  of  heat  rather  than  to  oi 

An  open  vessel  which  is  commonly  said  to  be  empty,  is,  in  fact,  filled  with  J 
dr ;  and  when  any  solid  or  liquid  is  placed  in  it,  so  much  of  the  a 
pelled  as  occupied  the  space  into  which  the  solid  or  liquid  entered.     If  such  a 
Vessel  be  closed  by  a  lid  or  stopper,  the  pressure  of  the  external  atmospher 
)  will  act  upon  every  part  of  the  exterior  surface  with  an  intensity  proportionate  J 
eight.     The  air  which  is  enclosed  in  the  vessel  will,  however,  act  o 
rior  surface  with  an  intensity  proportionate  to  its  elasticity.     Accord- 
rhat  has  already  been  explained,  this  elasticity  is  equal  to  the  pressure  ;  j 
\  and,  therefore,  there  is  a  force  tending  to  press  the  sides  of  the  vessel  outward  ) 
ictly  equal  to  the  pressure  acting  on  the  exterior  surface,  and  tending  t( 
«s  them  inward.     These  two  forces  neutralize  each  other,  and  the  v 
j  circumstanced  exactly  as  if  neither  of  them  acted  upon  it. 

When  the  operation  and  properties  of  some  pneuinatical  instrujnen 
J  been  explained,  we  shall  have  occasion  to  notice  many  other  effects  of  the  5 
(  elasticity  of  aii. 
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!  latter  part  J 
)  of  the  last  century,  by  Bode  of  Berlin.     While  the  spaces  which  succeasirely  { 

e  between  the  planets  Mercury,  Venus,  the  earth,  and  Mars,  are  con- 
\  tinually  in  the  proportion  of  one  to  two,  that  which  intervenes  between  Mars 
i  and  Jupiter,  instead  of  being  as  it  ought  to  be,  in  accordance  with  the  law  thus 
\  indicated — double  rfie  space  between  Mars  and  the  earth — is,  in  fact,  nearly  ? 
s  that  space.     A  planet,  therefore,  which  would  move  between  Mars  J 
J  and  Jupiter,  at  a  distance  beyond  Mars  equal  to  twice  the  distance  of  Mars  ) 
j  from  the  earth,  would  complete  the  system  ;  for  then  there  would  be  between  j 
\  such  a  planet  and  Jupiter  twice  the  space  which  would  intervene  between  i' 
md  Mars.     The  presence  of  such  a  planet  would  then  remove  all  exception  ii 
i  the  system  to  this  law  of  increasing  distance.     Professor  Bode  ventured  b 
J  predict  that  a  planet  would  at  some  future  period  be  discovered  revolving  ii 
i  that, position ;  and  even  if  nt/such  planet  were  discovered,  he  maintained  that  \ 
j  we  should  be  justified  in  the  inference  that,  at  some  former  epoch,  a  planet  did 
(  exist  in  such  a  position. 

J  There  is  an  instinctive  faiih  in  the  harmony  and  universality  of  nature's 
j  laws ;  and  when  we  behold  in  any  of  them  a  glaring  exception,  we  are  led  at 
0  anticipate  that  such  exception  is  only  apparent,  and  that  by  increased 
j  knowledge  we  shall  discover  that  the  law  is  in  reality  universal. 

Tliis  remarkable  prediction,  as  may  be  easily  imagined,  attracied  the  atten- 
'      i  quarters  of  the  firmament  where  the  suspected 
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J  that  this  planet  filled  the  vacant  place. 

On  the  38th  of  March,  in  the  following  year,  Dr.  Olbebs,  of  Bremen,  dis- 
covered the  planet  Pallas,  moving  nearly  at  the  same  distance.     In  Septem- 
ber, 1803,  Harding,  also  at  Bremen,  discovered  Juno  ;  and  finally,  on  the 
:  39ih  of  March,  1807,  Dr.  Olbers  discovered  the  fourth  new  planet,  Vesta. 
Thus  within  the  first  five  years  of  the  present  century,  four  new  members  of 
'   the  solar  system  were  discovered,  presenting,  among  other  anomalous  circum- 
!    stances,  the  spectacle  of  four  planets  equidistant  from  the  sun,  and  therefore 
■    all  equally  filling  the  vacant  place  declared  to  exist  in  the  system  by  Kepler 
and  Bode.     As  these  four  planets  more  nearly  at  the  same  distance  from  the 
1,  they  also  have  nearly  equal  periods. 

The   analogy  prevailing  betwepii  the  distances  of  the  planets,  indicated  by  i 
!  Bode'  and  Kepler,  justified  the  expectation  of  the  discovery  of  a  single  planet :  i 
how,  then,  are  we  to  reconcile  the  principle  indicated  by  this  analogy  with  the  J 
j  known  esisteiice  of  four  such  bodies  ?     This  difficulty  has  been  attempted  ti 
e  removed  by  the  hypothesis  that  the  four  new  planets  ate,  in  fact,  fragmenti 
{  of  a  single  planet  which  has  been  broken  !     But  how,  it  may  be  asked,  could  J 
\  such  a  catastrophe  as  the  fracture  of  a  planet  be  brought  about  T     To  this  it 
j  answered  that  there  are  two  canscs— the  possibility  and  reality  of  which  a 

It  disputed — either  of  whieh  might  produce  such  an  efi"ect.     The  volcanic  < 
J  phenomena  developed  on  our  own  globe  indicate  to  us  the  existence  of  internal  J 
I  causes  which  may  easily  be  supposed  to  acquire  sufficient  energy  to  cause  the 
J  explosion  of  the  planet.     The  intersection,  on  the  other  hand,  of  ihe  solar  sys- 
(  tein,  by  innumerable  comets  rushing  among  the  planets  constantly  and  in  every  J 
J  direction,  renders  the  collision  of  such  a  body  with  a  planet  a  possible  occur-  , 
\  rence.     Either  of  these  causes,  then,  being  sufficient  to  produce  the  supposed  S 
S  catastrophe,  and  both  being  possible,  the  nest  question  to  be  settled  ia,  whether  \ 
\  the  circumstances  attending  the  appearance,  condition,  and  motion,  of  the  nev 
5  planets,  are  such  as  would  attend  the  fragments  of  a  single  planet  exploded  o 
(  broken  by  either  of  these  causes. 

}       In   lie  first  place,  then,  it  is  evident  that  the  magnitude  of  these  four  bodies  { 
j  recently  discovered  afford  a  strong  presumption  in  favor  of  such  a  suppositio 
j  Their  magnitudes  are  so  minute,  that  astronomical  observers  as  yet  have  been  ( 
j  unable  to  agree  as  to  their  dimensions ;  but  it  seems  certain  that  their  diameter; 

_iot  amount  to  more  than  a  few  hundred  miles.     They  are  therefore  not  only  ? 

]  incomparably  smaller  than  any  of  the  other  planets,  but  even  smaller  than  the  J 

J  satellites      It  is  estimated  that  the  bulk  of  Vesta  does  not  exceed  the  twenty- 

h       h  u  indth  part  of  the  earth.     Herscrei,  states  that  the  diameter  of  Cbhes  ! 

nn     much, exceed  a  hundred  and  fifty  miles,  and  that  that  of  Juno  is  under  i 

hund  eA  miles.     It  is  calculated  that  the  aggregate  of  the  volumes  of  all  ) 

h       f       plan«3-.s  united  would  not  exceed  the  twenty-fifth  part  of  the  bulk  of  ( 

1  ( 

Th     minuteness  of  size  is  evidently  a  circumstance  that  might  naturallj?  be  < 

xp    ted  n  the  fragments  of  a  single  planet ;  and  as  from  their  smallness  ' 
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5  difficnlt  to  obsen  e  these  planets  even  by  the  aid  of  telescopes,  it  seems  proba-  ) 

thpre  may  be  other  fragments  revolving  round  the  sun  loo  minute  to  ' 
5  discovered 

f  a  planet  were  broken  into  Iragments,  whether  by  external  collision  or  by  S 

mal  explosion,  it  is  demonstrable  that  the  fragments  into  which  it  wt 

\  be  resolved  would  severally  reiohe  round  the  sun  as  independent  planets,  i 

Thoir  orbits  would  be  all  nearly  at  the  same  distance  from  the  sun  as  the  orbit  J 

of  the  original  planet.     These  orbits,  however,  would  be  likely  to  differ  from  j 

that  of  the  original  planet  in  some  respects.     It  is  consistent  with  mechanical  \ 

?  laws  that  these  orbits  should  some  of  them  be  inclined  at  a  considerable  angi 

i  the  general  plane  of  the  solar  system.     It  is  also  probable  that  these  orbits  or  i 

\  some  of  them,  might  be  more  eccentric  in  their  elliptical  character  than  the  J 

)  planetary  orbits  generally  are.     Now  we  find  on  examining  the  orbits  of  the 

',  four  new  planets,  that  they  partake  of  these  characters.     They  are  inclined  to  ( 

i  the  ecliptic  at  angles  so  considerable  that  they  are  the  only  planets  which  tran-  ) 

(  scend  the  limits  of  the  zodiac,  and  are  thence  called  uiira-soiiacdi^j/aneij.  The  > 

entricities  of  some  of  their  orbits  are  three  or  four  times  greater  than  those  j 

(  of  the  planets  generally.  ) 

>  It  is  also  demonstrable  that  if  a  planet  were  broken  by  any  cause  the  orbits  of  { 
J  its  fragments  which  wovdd  form  independent  planets  would  all  pass  through  a 

)  common  point.     Now  this  is  a  character  which  is  also  found  to  attach  to  the  \ 
I  four  new  planets  generally. 

These  circumstances  would  themselves  afford  a  presumption  so  strong  i: 

f  support  of  the  supposition  that  the  new  planets  are  in  fact  fragments  of  a  sin 

;le    planet  that  has  been  broken   as  to  amount  almost  to  a  moral  certainty  j 

—but  they  are  not  the  only  ones  that  favor  this  hypothesis. 

Appearances  have  been  observed  upon  these  planets  which  render  it  ex- 

f  tremely  probable  if  not  certain  that  they  are  not  like  the  other  bodies  of  the  sys- 

n  globular  but  that  they  are  irregular  in  their  form,  having  corners  and  angu- 

extremities.     This  fact  has  been  indicated  by  the  sudden  diminution  of 

>  their  light  when  the  angular  points  pass  the  ling  of  vision. 
(       It  is  remarkable  that  Vesta,  which  is  the  smallest  of  the  four  in  its  absolute  \ 
)  magnitude,  appears,  nevertheless,  the  most  brUhant,  having  the  lustre  of  a  st. 

(  of  the  iifth  or  sixth  magnitude.  Schroter,  for  this  reason,  was  led  to  tt 
!  supposition  that  Vesta  was  a  self-luminous  body.  The  three  other  planet 
\  which  are  greater  in  magnitude  than  Vesta,  have  the  appearance,  nevcrthcles 

itars  of  the  ninth  and  tenth  magnitude.     Ceres  would  seem  to  be  extremely  J 
(  irregular  in  its  shape,  since  its  light  is  very  variable  ;  sometimes  it  is  reddish  J 
md  vivid,  sometimes  whitish  and  pale. 

The  atmospheric  circumstances  attending  these  bodies  are  very  remarkable.  5 

jEres  and  Pallas,  especially,  seem  to  be  enveloped  in  very  dense  ati 

j  spheres,  which  extend  to  a  height  from  their  surface  from  twelve  to  fifteen  \ 

>  times  greater  than  ours. 

The  light  of  Vesta  is  more  intense  and  white  than  that  of  any  other  of  the 

lew  planets.     It  also  differs  from  them  in  not  being  surrounded  by  any  nebu-  ' 

(  losity.     Schrijter  affirms  that  he  saw  it  several  limes  with  the  naked  eye,  a  . 

j  circumstance  which  must  have  arisen  from  the  brilliant  light  reflected  from  its  ' 

5  surface  not  being  obscured  by  any  nebulous  envelope. 

The  planet  Juno  subtends  to  the  eye,  when  nearest  to  the  earth,  an  angle  ' 

(  of  three  seconds.    It  is  of  a  reddish  color;  and  Schroter  discovered  around  it  , 

atmosphere  which  he  considered  to  be  more  dense  than  any  of  the  atmo-  ' 

J  spheres  of  the  old  planets.     Remarkable  and  sudden  changes  were  observed  ( 

n  the  light  of  this  planet,  which  Schroter  first  attributed  to  atmospheric  phe- 

lomena  upon  it,  but  which  have  been  since  ascribed  to  great  irregularity  in 
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3  form.     lie  imagined  also  that  its  appearance  affoided  indications  of  a  diur- 
al  rotation  in  twenty-seven  hours  :  tliis,  however,  has  not  been  confirmed  by 
j  subsequent  observation. 

The  apparent  magnitude  of  Ceres  is  about  six  seconds  :  it  is  an  object  of  a 
ruddy  color,  appears  about  the  size  of  a  star  of  the  eighth  or  ninth  magnitude,  and 
is  invisible  to  the  naked  eye.     It  is  surrounded  with  a  dense  atmosphere,  and 
}  shows  an  ill-defined  disk.     Schriiter  found,  by  a  great  number  of  observations, 
i  that  the  height  of  its  atmosphere  amounted  to  nearly  seven  hundred  miles— that 
s  very  dense  near  the  surface  of  the  planet,  and  more  attenuated  at  greater 
\  heights— and  that  it  was  subject  to  changes  which  produced  great  v; 
he  apparent  size  of  the  planet. 
Sir  William  Herschel,  about  the  year  1802,  immediately  after  the  discovery 
{  of  Ceres  and  Pallas,  undertook  a  series  of  observations  with  his  powerful  re- 
?  fleeting  tolescopes,  with  a  view  of  ascertaining  whether  either  of  these  planets 
e  attended  by  satellites.     Many  minute  stars  appeared  near  the  disk  of 
es,  but  none  exhibited  that  change  of  position  which  could  be  supposed 
5  belong  to  a  satellite.     His  observations  fully  corroborated  those  of  Schroter. 
\  He  says  that  when  viewed  with  a  power  of  550,  Ceres  is  surrounded  with  a 
\  sitong  haziness  ;  the  breadth  of  the  coma  beyond  the  disk  may  amount  to  the 
\  extent  of  a  diamei«r  of  the  disk,  which  is  not  very  sharply  defined. '  W. 
,e  coma  and  star  taken  together,  they  would  be  at  least  three  ti 
\  large  as  the  star.     The  coma  was  very  dense  near  the  nucleus,  but  lost  itself 
j  pretty  abruptly  on  the  outside,  though  a  gradual  diminution  was  still  very  per- 
ceptible. 

The  planet  Pallas  has  a  ruddy  appearance,  but  not  so  much 

[t  is  surrounded  also  by  a  nebulosity,  but  not  so  extensive.     The  height  of  its 

J  atmosphere,  according  to  Schroter,  is  about  450  miles,  being  two  thirds  of  that 

\  of  Ceres.     The  light  of  the  planet  is  eminently  subject  to  those  suddi 

ions  which  have  been  taken  to  indicate  irregularity  of  form. 

Sir  William  Herschel  says,  in  speaking  of  Pallas  :  "  1  cannot,  with  the  ut- 

J  most  attention,  and  under  the  most  favorable  circumstances,  perceive  any  sharp 

lination  which  might  denote  a  disk ;  it  ia,  rather,  what  I  would  call  a  nu- 

s.     The  appearance  of  Pallas  is  cometary,  the  disk,  if  it  has  any,  being 

I  ill-defined.     When  I  see  it  to  the  best  advantage,  it  appears  like  a  much-- 

sed,  extremely-small,  but  ill-defined,  planetary  nebula.     With  a  twenty- 
5  foot  reflector,  power  477,  I  see  Pallas  well.     I  perceive  a  very  small  disk, 
f  with  a  coma  of  some  extent  about  it,  the  diameter  of  which  may  amount  to  sis 
ir  seven  times  that  of  the  disk  alone."    These  observations  were  made  in  1802. 

Great  diversity  of  opinion  has  prevailed  respecting  the  actual  diami 
he  new  planets,  Herschel  estimating  all  of  ilium  to  be  considerably  undi 
5  miles,  while  Schroter  maintains  that  some  of  them  are  as  large  as  our  r 
,  This  diversity  is  doubtless  produced  by  the  extreme  smallness  of  the  pb 
'  their  great  distance,  and  the  undefined  appearance  they  have,  owing  t. 
5  nebulosity  which  surrounds  them. 

We  shall  have  occasion  again  to  notice  the  theory  which  explains  the 
i  the  supposition  that  they  are  fragments  of  a  broken  planet,  when  we  shall  refer 
S  to  the  subject  of  meteoric  stones. 
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The  phenomena  of  the  tides  of  the  ocean  are  too  remarkable  and  important 
to  ibe  social  and  commercial  interests  of  mankind,  not  to  have  attracted  notice 
at  an  early  Beriod  in  the  progress  of  knowledge.  The  intervals  between  the 
epochs  of  hifb  and  low  water  everywhere  corresponding  with  the  intervals  be- 
tween the  passage  of  the  moon  over  the  meridian  above  and  below  the  horizon, 
snggested  naturally  the  physical  connexion  between  these  two  effects,  and  in- 
dicated the  probability  of  the  cause  of  the  tides  being  found  in  the  motion  of 
J  the  moon.         . 

Kepler  developed  this  idea,  and  demonstrated  the  close  connexion  of  these  I 
!  phenomena  ;  but  it  was  not  until  the  theory  of  gravitation  was  established  > 
J  by  Newton,  and  its  laws  fully  developed,  that  all  the  circumstances  of  the  tides  I 
'  were  clearly  explained,  and  shown  incontestably  to  depend  on  the  influence  of  ) 

There  are  few  subjecU  in  physical  science  about  which  there  prevail  r 

erroneous  notions  among  those  who  are  but  a  little  informed,  than  with  re- 

!  spect  to  the  tides.     A  common  idea  is,  that  the  attraction  of  the  moon  draws  ( 

'    '     waters  of  the  earth  toward  that  side  of  the  globe  on  which  the  moon  hap- 

!  pens  to  be  placed,  and  that  consequently  they  are  heaped  up  on  that  side,  so  S 

(  that  the  oceans  and  seas  acquire  there  a  greater  depth  than  elsewhere ;  and  i 

I  thns  it  is  attempted  to  be  established  that  high  water  will  take  place  under,  or  ) 

?  nearly  under,  the  moon.     But  this  neither  corresponds  with  the  fact,  nor,  if  it  ( 

S  did,  would  it  explain  it.     High  water  is  not  produced  merely  under  the  moon,  j 

is  equally  prodiiced  upon  those  parts  most  removed  from  the  moon.     Sup-  J 

e  a  meridian  of  the  earth  so  selected,  that,  if  it  were  continued  beyond  the  ) 

\  earth,  its  plane  would  pass  through  the  moon ;  then  we  find  that,  subject  to  cer-  t 

}  tain  modifications,  a  great  tidal  wave,  or  what  is  called  high  water,  will  be  formed  S 

n  bolh  sides  of  this  meridian  ;  tliat  is  to  say,  on  the  side  next  the  moon,  and  t 

n  ibe  side  remote  from  the  moon.     As  the  moon  moves  in  her  monthly  course  [ 

\  round  the    earth,  those  two  great  tidal  waves  follow  her.      They  are,  of  ^ 
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)urse,  separated  from  each  other  by  half  the  circumference  of  the  globe. 
9  the  globe  revolves  with  its  diurnal  motion  upon  its  axis,  every  part  of  its 
j  surface  passes  successively  under  these  tidal  waves  ;  and  at  all  such  parts  as 
>  they  pass  under  ihein,  there  is  the  phenomenon  of  high  water.  Hence  it  is 
(  that  in  all  places  there  are  two  tides  daily,  having  an  interval  of  about  twelve 
(  hours  between  them.  Now  if  the  common  notion  of  the  cause  of  the  tides 
e  well  founded,  there  would  be  only  one  tide  daily  ;  viz.,  that  which  would 
}  take  place  when  the  moon  is  at  or  near  the  meridian. 

J  That  the  moon's  attraction  upon  the  earth  simply  considered  would  not  ex- 
1  plain  the  tides,  is  easily  shown.  Let  us  suppose  that  the  whole  mass  of  mat- 
!  ter  on  the  earth,  including  the  waters  which  partially  cover  it,  were  attracted 
'  equally  by  the  moon ;  they  would  then  be  equally  drawn  toward  that  body,  and 
eason  would  exist  why  they  should  be  heaped  up  under  the  moon  ;  for  if  they 
e  drawn  with  the  same  force  as  that  with  which  the  solid  globe  of  the  earth 
J  under  them  is  drawn,  there  would  be  no  reason  for  supposing  that  the  waters 
J  would  have  a  greater  tendency  to  collect  toward  the  moon  than  the  solid  bot- 
of  the  ocean  on  which  they  res».  In  short,  the  whole  mass  of  the  earth, 
[  solid  and  fluid,  being  drawn  with  the  same  force,  would  equally  tend  toward 
he  moon  ;  and  its  parts,  whether  solid  or  fluid,  would  preserve  among  them- 
lelves  the  same  relative  position  as  if  they  were  not  attracted  at  all. 

When  we  observe,  however,  in  a  mass  composed  of  various  particles  of  mat- 
er, that  the  relative  arrangement  of  these  particles  is  disturbed,  some  being 
[  driven  in  certain  directions  more  than  others,  the  inference  is,  that  the  compo- 
t  parts  of  such  a  mass  must  be  placed  under  the  operation  of  different 
J  forces  ;  those  which  tend  more  than  others  in  a  certain  direction  being  driven 
?  with  a  proportionaUy  greater  force.  Such  is,  in  fact,  the  case  with  the  earth, 
J  placed  under  the  attraction  of  the  moon.  Newton  showed  that  the  law  of 
I  gravitation  is  such,  that  its  attraction  increases  as  the  distance  <^  the  attracted 
'  '  !ct  diminishes,  and  diminishes  as  the  distance  of  the  attracted  object  in- 
ises.  The  exact  proportion  of  this  change  of  energy  of  the  attractive 
I  force,  is  technically  expressed  by  staling  that  it  is  the  inverse  proportion  of  the 
J  square  of  the  distance  ;  the  meaning  of  which  is,  that  the  attraction  which  any 
)  body  like  the  moon  would  exercise  at  any  proposed  distance,  is  four  times  that 
'  which  it  would  exercise  at  twice  the  distance  ;  nine  times  that  which  it  would 
J  exert  at  three  times  the  distance  ;  one  fourth  of  that  which  it  would  exercise 
it  half  the  distance,  and  one  ninth  of  that  which  it  would  exercise  at  one  third 
J  the  distance,  and  so  on.  Thus  we  have  an  arithmetical  rule,  by  which  we  can 
t  with  certainty  and  precision  say  how  the  attraction  of  the  moon  will  vary  with  any 
)  change  of  its  distance  from  the  attracted  object.  Let  us  see  how  this  will  be 
f  brought  to  bear  upon  the  explanation  of  the  effect  of  the  moon's  attraction  upon 
}  the  earth. 

Let  A,B,  C,  D,  E,  F,  G,  H,  represent  the  globe  of  the  earth,  and,  to  simphfy 
i  the  explanation,  let  us  first  suppose  the  entire  surface  of  the  globe  to  be  covered 
{  with  water.  Let  M,themoon,beplacedatthedistanceKLfromthenearestpoint 
he  surface  of  the  earth.  Now  it  will  be  very  apparent  that  the  various  points 
I  of  the  earth's  surface  are  at  different  distances  from  the  moon,  M.  A  and  G  are 
j  more  remote  than  H ;  B  F  still  more  remote ;  C  and  E  more  distant  again, 
t  and  B  more  remote  than  all.  The  attraction  which  the  moon  exercises  at  H 
)  is,  therefore,  greater  than  that  which  it  exercises  at  A  and  G,  and  slill  greater 
■  n  that  which  it  produces  at  B  and  F  ;  and  the  attraction  which  it  exercises 
D  is  least  of  all.  Now  this  attraction  equally  affects  matter  in  every  state 
\  and  condition.  It  affects  the  particles  of  fluid  as  well  as  solid  matter,  but  there 
B  this  difference  between  these  effects  ;  that  where  it  acts  upon  solid  matter, 
j  the  component  parts  of  which  are  at  different  distances  from  it,  and  therefore 
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subject  to  different  attractions,  it  will  not  disturb  the  relative  arrangement  of  ' 
these  particles,  since  sucli  disturbances  or  disarrangements  are  prevented  by  > 
the  cohesion  which  characterizes  a  solid  body ;  but  this  is  not  the  case  with  ' 
fluid,  the  particles  of  which  are  mobile,  and  which,  when  solicited  by  different 
forces,  will  have  their  relative  arrangements  disturbed  in  a  corresponding  | 
manner.  i_    u  ■     I 

The  attraction  which  the  moon  exercises  upon  the  shell  of  water  which  la  , 
collected  immediately  under  it  near  the  point  Z,  is  greater  than  that  which  it  j 
exercises  upon  the  solid  mass  of  the  globe  at  H  and  D  ;  consequently  there  | 
will  be  a  greater  tendency  of  this  attraction  to  draw  the  fluid  which  rests  upon  ( 
the  surface  at  H  toward  tlie  moon,  than  to  draw  ihe  solid  mass  of  the  earth  J 
which  is  more  distant. 

Aa  the  fluid,  by  its  nature,  is  free  to  obey  this  excess  of  attraction,  it  will  ; 
necessarily  heap  ilself  up  in  a  pile  or  wave  at  H,  forming  a  more  convex  pro- 
tuberance, as  represented  in  the  figure  between  R  and  I.     Thus  high  water 
will  take  place  at  H,  immediately  under  the  moon.     The  water  which  thus  < 
collects  at  H,  will  necessarily  flow  from  the  regions  B  and  F,  where,  there-  ( 
fore,  there  will  be  a  diminished  quantity  of  water  in  the  same  proportion. 

But  let  us  now  consider  what  happens  to  that  part  of  the  earth,  D,  most 
mote  from  the  moon.  Here  the  waters  being  more  remote  from  the  moon  than  \ 
the  solid  mass  of  the  earth  under  them,  will  be  less  attracted  ;  and  consequent- 
ly will  have  a  less  tendency  to  gravitate  toward  the  moon.  The  solid  mass  of 
the  earth,  D  H,  will,  as  it  were,  recede  from  the  waters  at  N,  in  virtue  of  the  ) 
excess  of  attraction,  leaving  these  waters  behind  it,  which  wUl  thus  be  heaped  J 
up  at  N,  so  as  to  form  a  convex  protuberance  between  L  and  K,  similar,  ex-  < 
actly  to  that  which  we  have  already  described  between  R  and  I.  As  the  dif-  | 
ference  between  the  attraction  of  the  moon  on  the  waters  at  Z  and  the  solid  j 
earth  under  the  waters,  is  nearly  the  same  as  the  difference  between  its  attrac-  j 
lion  on  the  latter  and  upon  the  waters  at  N,  it  follows  that  the  height  of  the  ? 
fluid  protuberances  at  Z  and  N  are  equal.     In  other  words,  the  height  of  the  < 

tides  on  opposite  aides  of  the  earth,  the  one  being  under  il -"  •'"  -'— 

most  remote  from  it,  are  equal.  . 

Now  from  this  explanation,  it  will,  we  trust,  be  apparent,  that  the  cause  of  ) 
the  tides,  so  far  as  the  action  of  the  moon  is  concerned,  is  not,  as  is  vulgarly  < 
supposed,  due  to  the  mere  attraction  of  the  earth ;  since,  if  that  attraction  ) 
■  were  equal  in  all  the  component  parts  of  the  earth,  there  would  assuredly  be  J 
'.  no  tides.  We  are  to  look  for  the  cause,  then,  not  in  the  attraction  of  the  moon, 
;  but  ill  the  inequality  of  its  attraction  on  diff"erent  parts  of  the  earth.  The  greater  } 
!  this  inequality  is,  the  greater  will  be  the  tides.  Hence,  as  the  moon  is  sub-  ? 
ject  to  a  slight  variation  of  distance  from  the  earth,  it  will  follow,  that  when  it  } 
its  least  distance,  or  at  the  point  c&Wed  pcTigee,  the  tide;  will  be  gre 
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5  214 


THE  TIDES. 


}  whenit is thegreatestdistaiico,oratlhepoint calIedapo^ee,thetide  ■ 
J  not  because  the  entire  attraction  of  the  moon  in  the  former  case 
n  the  latter,  but  because  the  diameter  of  the  globe  bearing  a  gre 
S  to  the  lesser  distance  than  the  greater,  there  will  be  a  greater  in  g 


! 


It  wiU  doubtless  occur  to  those  who  bestow  on  theSe  obaer 
I  reflection,  that  all  which  we  have  stated  in  reference  to  (he  effec  p    d      d  by  i 
i  the  attraction  of  the  moon  upon  the  earth,  will  also  be  applicabl         h 
\  tion  of  the  sun.     This  is  undoubtedly  true  ;  but  in  the  case     f    h  1 

effects  are  modified,  in  some  very  important  respects,  as  will  re  d  \y 
i  The  sun  is  at  four  hundred  times  a  greater  distance  than  the  m  d  1 

\  actual  amount  of  its  attraction  on  the  earth  would,  on  that  accoun    b  h 

(  dred  and  sixty  thousand  times  less  than  that  of  the  moon ;  but  ih  1 

>  sun  exceeds  that  of  the  moon  in  a  much  greater  ratio  than  that  of         h     d 
<  and  sixty  thousand  to  one.     It  therefore  possesses  a  much  gre 
j  power  in  virtue  of  its  mass,  compared  with  the  moon,  than  it  1         by  ts 
t  creased  distance.     The  effect  is,  that  it  exercises  upon  the  earth  ra 

)  enormously  greater  than  the  moon  exercises.    Now,  if  the  simpl  f 

i  attraction  were,  as  is  commonly,  supposed,  the  cause  of  the  tides,  the  sun  oug 
S  to  produce  a  vastly  greater  tide  than  the  moon.     The  reverse  is,  however,  the  \ 
S  case,  and  the  cause  is  easily  explained.     Let  it  be  remembered  that  the  t 

e  due  solely  to  the  inequality  of  the  attraction  on  different  sides  of  the  eartht  \ 

d  the  greater  that  inequality  is,  the  greater  will  be  the  tides,  and  the  less  that  ) 
)  inequality  is,  the  less  will  be  the  tides. 

Now  in  the  case  of  the  sun,  its  total  distance  from  the  earth  is  one  hundred  j 
nillioQS  of  miles,  and  the  difference  between  its  distance  from  one  side  of  the 
I  earth,  and  from  the  other,  is  only  eight  thousand  miles,  or  about  one  hundred  } 
j  and  twenty  thousandth  part  of  the  whole  distanced     The  inequality  of  tl 
I  traction  of  the  sun,  therefore,  on  different  sides  of  the  earth  will  be  in  the  pro- 
j  poition  of  the  square  of  the  numbers  one  hundred  and  twenty  thousand  and  o 
5  hundred  and  twenty  thousand  and  one  to  each  other,  a  proportion  which  it  will  J 

1  evident,  is  extremely  small.  But  in  the  case  of  the  moon,  the  distance  ( 
j  of  that  object  being  about  two  hundred  and  forty  thousand  miles,  or  thirty  J 
I  diameters  of  the  earth,  the  difference  between  its  distance  from  one  side  t 
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the  other  will  be  in  the  proportion  of  thirty  to  ihirty-one  ;  and  the  dilTerence  J 
of  the  attraction  will  be  in  the  proportion  of  the  squares  of  those  numbers,  ; 
In  the  case,  therefore,  of  the  sun,  the  difference  of  the  distances  to  the  whole,  ' 
then,  is  in  proportion  of  one  to  one  hundred  and  twenty  thousand  ;  wheri 
in  the  case  of  the  moon  it  is  in  the  proportion  of  one  to  thirty. 

Still,  although  the  difference  of  the  attractions  of  the  sun  on  different  sides  J 
of  the  earth  is  infinitely  less  than  those  of  the  moon,  it  is  not  imperceptible  ; 
and  the  sun  does  actually  produce  sensible  tides  on  opposite  sides  of  the  earth,  ) 
as  the  moon  does.  When  the  sun  and  moon,  therefore,  are  either  on  the  same  ( 
side  of  the  earth,  or  on  the  opposite  sides  of  the  earth ;  in  other  words,  when  J 
it  ia  new  or  full  moon,  then  their  effects  in  producing  tides  are  combined,  i 
the  spring  tide  is  produced ;  the  heiglit  of  which  is  equal  to  the  solar  and  lunar  \ 
tides  taken  together.  These  positions  are  represented  in  the  preceding  dia- 
gram, where  S  is  the  sun,  A  the  moon  when  new,  and  B  the  moon  when  full.  ! 
Hence  it  is  that,  at  the  epochs  of  new  and  full  moons,  we  have  tides  of  ex-  ' 
traordinary  elevation,  called  spring  tides. 

On  the  other  hand,  when  the  sun  and  moon  are  separated  from  each  other  J 
by  a  distance  of  one  fourth  of  ihe  heavens,  that  is,  when  the  moon  is  in 
quarters,  the  effect  of  the  solar  tide  has  a  tendency  to  diminish  that  of  the  lunar  } 
tide.     This  position  is  represented  in  the  annexed  diagram. 


If  Q  and  R  represent  positions  of  the  moon,  and  S  that  of  the  sun  at  the  j 
!  epochs  of  the  quarters,  dien  the  lunar  tides  would  cause  the  waters  to  be  col- 

d  at  Z  and  JV;  whereas  the  solar  tides  would  take  place  at  B  and  F.  The  ) 
J  tendency,  therefore,  of  the  sun,  would  be  to  draw  the  water  from  Z  and  JV  J 
ard  B  and  F;  and  to  the  same  extent  would  diminish  the  effect  of  the  j 
n's  attraction.  The  lunar  tides  would  be  less,  under  these  circumstances,  j 
I  in  other  positions  of  the  moon.  These  have,  therefore,  been  called  the  ( 
!  neap  tides. 

If  physical  effects  followed  immediately,  without  any  appreciable  interval  S 

if  time,  the  operation  of  their  causes,  then  the  tidal  wave  produced  by  the  J 

noon  would  be  on  the  meridian  of  the  earth  directly  under  and  opposite  to  i 

S  that  luminary ;  and  the  same  would  be  true  of  the  solar  tides.     But  the  waters  J 

5  of  the  globe  have,  in  common  with  all  other  matter,  the  property  of  inei 

a  certain  interval  of  time  to  impress  upon  them  a  certain  change  of  j 
j  position.     Hence  it  follows  that  the  tidal  wave  produced  by  the  moon  is 
J  formed  immediately  under  that  body  but  follows  it  at  a  certain  distance. 
I  consequence  of  this,  the  tide  raised  by  the  moon  does  not  take  place  for  3  or  3  ( 
}  hours  after  the  moon  passes  ihe  meridian  ;  and  as  the  action  of  the  sui 
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more  feeble,  there  is  a  still  greater  interval  between  ihe  transil  of  the  e 
occurrence  of  the  solar  tide. 

But  besides  these  circumgtancea,  the  tide  is  affecl«d  by  other  causes.  It  is  \ 
not  the  separate  effect  of  either  of  these  bodies,  but  to  the  combined  effei 
boih,  and  a!  every  period  of  the  month,  the  time  of  actual  high  water  is  ei 
accelerated  or  retarded  by  the  sun.  In  the  first  and  third  quarters  of  the  m 
the  soiar  tide  is  westward  of  the  lunar  one  ;  and,  consequently,  the  actual  high  ? 
water  which  is  the  result  of  the  combination  of  the  two  waves  wilt  be  to  the  J 
westward  of  the  place  it  would  have  if  the  moon  acted  alone,  and  the  time  of  I 
high  water  will  therefore  be  accelerated.  In  the  second  and  fourth  quarters  S 
the  general  effect  of  the  sun  is,  for*  a  similar  reason,  to  produce  a  retardation  \ 
in  the  time  of  high  water.  This  effect  produced  by  the  sun  and  moon  com-  ' 
bined,  is  what  is  commonly  called  the  priming  and  tagging  of  the  tides. 

The  highest  spring  tides  occur  when  the  moon  passes  the  meridian  about  J 
an  hour  after  the  sun  ;  Tor  then  the  maximum  effect  of  the  two  bodies  coincides. 

The  subject  of  the  tides  has  of  late  years  received  much  attention  from  sev- 
eral scientific  investigators  in  Europe.     The  discussions  held  at  the  annual  i 
meetings  of  the  British  association  for  the  advancement  of  science,  on  this  sub- 
ject, have  led  to  the  development  of  much  useful  information.     The  labors  of  \ 
Professor  Whewell  have  been  especially  valuable  on  these  questions.     S 
John  Lubbock  has  also  published  a  valuable  treatise  upon  it.    To  trace  the  r 
suits  of  these  investigations  in  all  the  details  which  would  render  them  clear  ai 
intelligible,  would  greatly  transcend  the  necessary  limits  of  this  discourse.    Ifl 
shall,  however,  briefly  aavert  to  a  few  of  the  most  remarkable  points  connected  i 
with  these  questions.  ( 

The  apparent  time  of  high  wal«r  at  any  port  in  the  afternoon  of  the  day  of  > 
new  or  full  moon,  is  what  is  usually  called  the  establishment  of  the  port.  Pro-  ■ 
fessor  Whewell  calls  this  the  vulgar  establishment,  and  he  calls  the  corrected  es-  '. 
tablishment  the  mean  of  all  the  intervals  of  the  tides  and  transit  of  half  a  month.  ■ 
This  corrected  establishment  is  consequently  the  Inni-tidal  interval  correspond-  ! 
ing  to  the  day  on  which  the  moon  passes  the  meridian  at  noon  or  midnight. 

The  two  tides  immediately  following  another,  or  the  tides  of  the  day  and  j 
night,  vary,  both  in  height  and  time  of  high  water,  at  any  particular  place  with  j 
the  distance  of  the  sun  and  moon  from  the  equator.     As  the  vertex  of  the  tide 
wave  always  tends  to  place  itself  vertically  under  the  luminary  which  produ- 
ces it,  it  is  evident  that  of  two  consecutive  tides  that  which  happens  when  the  ) 
moon  is  nearest  the  zenith  or  nadir  will  be  greater  than  the  other  ;  and,  conse- 
quently, when  the  moon's  declination  is  of  the  same  denomination  as  the  lati- 
tude of  the  place,  the  tide  which  corresponds  to  the  upper  transit  will  be 
greater  than  the  opposite  one,  and  vice  versa,  the  differences  being  greatest  ) 
when  the  sun  and  moon  are  in  opposition,  and  in  opposite  tropins.     This  is  i 
called  the  diurnal  inequality,  because  its  cycle  is  one  day ;  but  it  varies  greatly  S 
at  different  places,  and  its  laws,  which  appear  to  be  governed  by  local  circum-  ' 
stances,  are  very  imperfectly  known.  i 

We  have  now  described  the  principal  phenomena  that  would  take  place  ' 
were  the  earth  a  sphere,  and  covered  entirely  with  a  fluid  of  uniform  depth.  , 
But  the  actual  phenomena  of  the  tides  are  infinitely  more  complicated.  From  < 
the  interruption  of  the  land,  and  the  irregular  form  and  depth  of  the  ocean,  , 
combined  with  many  other  disturbing  circumstances,  among  which  are  the  in-  ■ 
eriia  of  the  waters,  the  friction  on  the  bottom  and  sides,  the  narrowness  and  '. 
length  of  the  channels,  the  action  of  the  wind,  currents,  difference  of  atmo-  ■ 
spheric  pressure,  &c.,  &c.,  great  variation  takes  place  in  the  mean  times 
and  heights  of  high, water  at  places  differently  situated;  and  the  inequali- 
ties above  alluded  to,  as  depending  on  the  parallax  of  the  moon,  her  posi- 
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tion  with  respect  to  the  sun,  and  the  dechnation  of  the  t' 
cases  aliogeiher  obliterated  by  the  effects  of  the  disturbing  i 
only  be  detected  by  the  calculation  and  comparison  of  long  s 

'By  reason  of  these  disturbing  causes,  it  becomes  a  matter  of  great  difficulty  tc 
trace  the  propagation  of  the  tide  wave,  and  the  connexion  of  the  tides  in  different  i 
parts  of  the  world.     In  the  Philosophical  Traasactions  for  1832,  Sir  John  I.ub-  J 
bock  published  a  map  of  the  world,  in  which  he  inserted  the  times  of  high  J 
water  at  new  and  full  moon  at  a  great  number  of  places  on  the  globe,  collected  I 
from  various  sources,  as  works  on  navigation,  voyages,  sailing  directions,  &c,,  5 
and  in  order  that  the  march  of  the  tide  wave  might  be  traced  more  readily,  the 
limes  were  expressed  in  Greenwich  time,  as  well  as  the  time  of  the  place.    In 
the  same   Transactions  for  1833,  Mr.  "Whewell  prosecuted  this    subject  at 
greater  length,  and  availing  himself  of  a-pnori  considerations,  as  well  as  of 
mass  of  information  collected  in  the  hydrographer's  ofEce  at  the  admiralty,  i 
serted  in  the  map  a  series  of  cotidal  lines,  or  lines  along  which  high  wal 
takes  place  at  the  same  instant  of  time.     But  these  cotidal  lines,  as  Sir  John 
Lubbock  remarks,  are  entirely  hypothetical ;  for  we  have  few  opportunities  of 
determining  the  time  of  high  water  at  a  distance  from  ihe  coast,  though  this  i: 
sometimes  possible  by  means  of  a  solitary  island,  such  as  St.  Helena. — Ltib 
bock's  ElementaTy  Treatise  on  ike  Tides,  1839. 

According  to  Mr.  Whewell's  deduction,  the  general  progress  of  the  great 
tide  wave  may  be  thus  described  ;  it  ia  only  in  the  Southern  ocean,  between 
the  latitudes  of  30"  and  70°,  that  a  zone  of  water  exists  of  sufficient  extent  b 
allow  of  the  tide-wave  being  formed.  Suppose,  then,  a  line  of  contemporary 
tides,  or  cotidal  line,  to  be  formed  in  the  Indian  ocean,  as  the  theory  supposes, 
that  is  to  say,  in  the  direction  of  the  meridian,  and  at  a  certain  distance  to  th 
eastward  of  the  meridian  in  which  the  moon  is.  As  this  tide-wave  passes  th 
Cape  of  Good  Hope,  it  sends  off  a  derivative  undulation,  which  advance 
northward  up  the  Atlantic  ocean,  preserving  always  a  certain  proportion  of  its 
original  magnitude  and  velocity.  In  travelling  along  this  ocean  the  wave  assumes 
a  curved  form,  the  convex  part  keeping  near  the  middle  of  the  ocean,  and  ahead  ) 
of  the  branches,  which,  owing  to  the  shallower  waters,  lag  behind  on  the  Amer-  i 
icaa  and  African  coasts,  so  that  the  cotidal  lines  have  always  a  tendency  to  make 
very  oblique  angles  with  the  shore,  and,  in  fact,  run  parallel  lo  it  for  great  dis- 
tances. The  main  tide,  Mr.  Whewell  conceives,  after  reaching  the  Orkneys, 
will  move  forward  in  the  sea  boimded  by  the  shores  of  Norway  and  Sibe- 
ria on  one  side  and  those  of  Greenland  and  America  on  the  other,  will  pass 
the  pole  of  the  earth  and  finally  end  its  course  on  the  shores  in  the  neighbor- 
hood of  Behring's  straits.  It  may  even  propagate  its  influence  through  the 
straits,  and  modify  the  tides  of  the  North  Pacific.  But  a  branch  tide  is  sent 
off  from  this  main  tide  into  the  German  ocean  ;  and  this,  entering  between 
the  Orkneys  and  the  coast  of  Norway,  brings  the  tide  to  the  east  coast  of  Eng- 
land and  to  tbe  coasts  of  Holland,  Denmark,  and  Germany.  Continuing  its 
course,  part  of  it  passes  through  the  strait  of  Dover  and  meets  in  ibe  British 
channel  the  tide  from  the  Atlantic,  which  arrives  on  the  coast  of  Europe  , 
twelve  hours  later  ;  but  in  passing  along  the  English  coast,  another  par!  of  it 
is  reflected  from  the  projecting  land  of  Norfolk  upon  the  north  coast  of  Ger- 
many, and  again  meets  the  tide  wave  on  the  shores  of  Denmark.  Owing  to 
this  interference  of  different  tide-waves,  the  tides  are  almost  entirely  oblitera- 
ted on  the  coast  of  Jutland,  where  their  place  is  supplied  by  continual  high 

In  ihe  Pacific  ocean  the  tides  are  very  small ;  but  there  are  not  sufficient 
!  observalions  to  determine  the  forms  and  progress  of  the  cotidal  lines.    Off  Cape 
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\  Hom,  and  round  the  ■whole  shore  of  Terra-del- Fuego,  from  the  western  « 
J  Iremity  of  Magellan'a  strait  to  Staten  Island,  it  is  very  remarkable  that  the  ) 
)  tidal  wave,  instead  of  following  the  moon  in  its  diurnal  course,  travels  to 
J  eastward.  This,  however,  is  a  partial  phenomenon  ;  and  a  little  farther  to 
?  north  of  the  last-named  places,  the  tides  set  to  the  north  and  west.  In  the  J 
S  Mediterranean  and  Baltic  seas  the  tides  are  inconsiderable,  but  exhibit  irregii-  J 
)  Jarilies  for  which  it  is  difficult  to  account.  The  Indian  ocean  appears  to  have  K 
!  high  water  on  all  sides  at  once,  though  not  in  the  central  parts  at  the  si 

Since  the  tides  on  our  coast  are  derived  from  the  oscillations  produced  under  ? 
the  direct  agency  of  the  sun  and  moon  in  the  Southern  ocean,  and  require  a 
certain  interval  of  time  for  their  transfer,  it  follows  that,  in  general,  the  tide  is 
not  due  to  the  moon's  transit  immediately  preceding,  but  is  regulated  by  the  f 
position  which  the  sun  and  the  moon  had  when  they  determined  the  primary  ) 
tide.     The  time  elapsed  between  the  original  forjnation  of  the  tide  and  its  ap-  ' 
pearance  at  any  place  is  called  the  age  of  the  tide,  and  sometimea,  ailer  Ber-  . 
noidli,  the  retard.     On  the  shores  of  Spain  and  North  America,  the  tide  is  a 
day  and  a  half  old ;  in  the  port  of  London,  it  appears  to  be  two  days  and  a  half  i 
old  when  it  arrives. 


In  the  open  ocean  the  crest  of  tide  travels  with  enormous  velocity.     If  the  J 
whole  surface  were  uniformly  covered  with  water,  the  summit  of  the  tide  wa 
being  mainly  governed  by  the  moon,  would  everywhere  follow  the  mot 
transit  at  the  same  interval  of  time,  and  consequently  travel  round  the  ea 
in  a  little  more  than  twenty-four  hours.     But  the  circumference  of  the  earth  ) 
at  the  equator  being  about  25,000  miles,  the  velocity  of  propagation  would  J 
therefore  be  about  1,000  miles  per  hour.     The  actual  velocity  is,  perhaps,  i 
where  equal  to  this  and  is  very  different  at  different  places.     In  latitude  60°  ) 
south,  where  (here  is  no  interruption  from  land  (excepting  the  narrow  promonto- 
ry of  Patagonia),  the  tide  wave  will  complete  a  revolutioa  in  a  lunar  day,  and  ( 
consequently  travel  at  the  rate  of  670  miles  an  hour.     On  examining  Mr.  J 
Whewell's  map  of  coiidal  lines,  it  will  be  seen  that  the  great  tide  wave  from  ( 
the  Southern  ocean  travels  from  the  Cape  of  Good  Hope  to  the  Azores  ii 
about  twelve  hours,  and  from  the  Azores  to  the  southernmost  part  of  Ireland  ii 
about  three  hours  more.     In  the  Atlantic,  the  hourly  velocity  in  some  cases  ap 
pears  to  be  10°  latitude,  or  near  700  miles,  which  is  almost  equal  to  the  velocity  < 
of  sound  through  the  air.     From  the  south  point  of  Ireland  to  the  north  point  J 
of  Scotland,  the  time  is  eight  hours,  and  the  velocity  about  160  miles  an  hour  < 
along  the  shore.     On  the  eastern  coast  of  Britain,  and  in  shallower  water,  th 
velocity  is  less.     From  Buchanness  to  Sunderland  it  is  about  sixty  miles  a 
hour ;  from  Scarborough  to  Cromer,  thirty-five  miles  ;  from  the  north  Foreland  ) 
lo  I/Ondon,  thirty  miles ;  from  London  to  Richmond,  thirteen  miles  an  hour  if 
that  part  of  the  river.  (Whewell,  Phil.    Trans,  1833  and  1836.)     It  is  scarce 
ly  necessary  to  remind  the  reader  that  the  above  velocities  refer  to  the  trans 
mission  of  the  undulation,  and  are  entirely  different  from  the  velocity  of  the  J 
current  to  which  the  tide  gives  rise  in  shallow  water. 


The  difference  of  level  between  high  and  low  water  is  affected  by  i 

causes,  but  chiefly  'by  the  configuration  of  the  land,  and  is  very  different  at  dif-  ! 

\  ferent  places.     In  deep  inbends  of  the  shore,  open  in  the  direction  of  the  tide  < 
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wave  and  gradually  contracting  like  a  funnel,  the  convergence  of  water  causes  ( 
a  very  great  increase  of  the  range.     Hence  the  very  high  tides  in  the  Bristol  J 
channel,  the  bay  of  St.  Malo,  and  the  bay  of  Fiindy,  where  the  tide  is  said  to 
rise  sometimes  to  the  height  of  one  hundred  feet.     Promontories,  under  certain 
circumstances,  exert  an  opposite  influence,  and  diminish  the  magnitude  of  the 
tide.     The  observed  ranges  are  also  very  anomalous.    At  certain  places  on  the 
southeast  coast  of  Ireland,  the  range  is  not  more  than  three  feet,  while  at  a 
little  distance  on  each  side  it  becomes  twelve  or  thirteen  feet ;  and  it  is  re- 
markable that  these  low  tides  occur  directly  opposite  the  Bristol  channel,  where  i 
(at  Chepstow)  the  difference  between  high  and  low  water  amounts  to  sixty  feet.  ^ 
In  the  middle  of  the  Pacific  it  amounts  to  only  two  or  three  feet.  .At  the  Lon- 
don docks,  the  average  range  is  about  22  feet ;  at  Liverpool,  15.5  feet ;  at 
Portsmouth,  12.5  feet ;  at  Plymouth,  also  12.6  feet ;  at  Bristol,  33  feet. 

A  great  number  of  observations  of  the  tides  at  the  port  of  Brest  during  the  S 
last  century  were  discussed  by  Laplace  in  the  Mecanique  Celeste  ;  but  in  order  J 
to  determine  the  motion  of  the  tide  wave,  and  separate  the  general  laws  of  the  ) 
phenomena  from  local  irregularities,  it  is  necessary  to  hare  regular  series  of 
observations    made    at  different  parts  of  the   ocean.     Until  very  recently,  i 
theory  may  be  said  to  have  been  in  advance  of  observation  ;  but  of  late  years  \ 
the  subject  has  received  great  attention,  and  at  the  present  time  a  more  per- 
fect theory  of  hydrodynamics  appears  to  be  necessary  for  the  physical  ex- 
planation of  the  phenomena.     In  1829,  Sir  John  Lubbock  undertook  the  dis- 
cussion of  the  tide  observations  which  are  made  at  the  London  docks,  with  the  J 
view  of  obtaining  correct  tables  for  predicting  the  time  and  height  of  the  tides 
for  the  British  Almanac.     The  results,  which  were  published  in  the  Philo- 
sophical Transactions  for  1831,  are  deduced  from  a  series  of  upward  of  thirteen  \ 
thousand  observations  dnring  a  period  of  nineteen  years,  and  are  of  great  im- 
portance, both  as  affording  materials  for  the  construction  of  tide-tables,  and  as 
pointing  out  the  defects  of  the  equilibrium  theory,  with  which  they  were  accu- 
rately compared.     In  some  of  the  subsequent  volumes  of  the  Transactions  the 
author  has  continued  his  investigations,  and  has  also  published  separately  an 
account  of  Bernoulli's  Traite  sur  le  Flux  et  Rejlux,  and  an  elementary  trea- 
tise which  appeared  in  1839.     In  the  Philosophical  Transactions  for  1833,  Mr. 
Whewell  gave  an  Essay  toward  a  first  Approximation  to  a  Map  of  Cotidal  Lines,  ■ 
which  has  been  followed  by  a  series  of  interesting  papers  in  the  subsequent  ^ 
volumes.     Mr  Whewell's  researches  have  been  chiefly  directed  to  the  deter- 
mination of  the  following  points  :  First,  the  motion  of  the  tide  wave  at  differ- 
ent parts  of  the  ocean  ;  secondly,  the  comparison  of  the  observed  laws  at 
diflerenl  places  with  the  theory ;  and  lastly,  the  laws  of  diurnal  inequality.     In 

1834  the  British  Association  procured  an  extensive  series  of  observations  to 
be  made  on  the  coasts  of  Britain  and  Ireland  at  five  hundred. and  thirty-nine  sta- 
tions of  the  coast  guard.     These  were  repeated  at  the  same  places  in  June, 

1835  ;  and  at  the  request  of  the  British  government,  simultaneous  observations  S 
were  made  by  the  other  maritime  powers  of  Europe  and  the  United  States,  < 
The  number  of  stations  in  America  was  twenty-  eight,  extending  from  the  mouth  5 
of  the  Mississippi  to  Nova  Scotia  ;  and  the  number  on  the  continent  of  Europe  j 
one  hundred  and  one,  between  the  straits  of  Gibraltar  and  the  North  cape  of  J 
Norway.  The  results  of  these  observations  reduced  under  Mr.  Whewell's  su-  J 
perintendence  were  published  in  the  Philosophical  Transactions  for  1836  ;  and  ( 
they  are  of  great  importance,  not  only  as  affording  a  far  more  precise  determi- 
nation of  the  progress  of  the  tide  wave  and  the  forms  of  the  cotidal  line  on  the 
coasts  of  Europe  and  North  America  than  previously  existed,  but  as  furnishing  J 

lie  correct  data  for  the  construction  of  the  lide-Iables. 

Besides  the  numerous  causes  of  irregularity  depending  on  the  local  circum- 
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stances,  the  tides  are  also  affected  by  the  state  of  the  atmosphere.  At  Brest, 
the  height  of  high  water  varies  inversely,  as  the  height  of  the  barometer,  and 
rises  mare  than  eight  inches  for  a  fall  of  about  half  an  inch  of  the  barometer. 
At  Liyerpool,  a  faU  of  one  tenth  of  an  inch  in  the  barometer  corresponds  to  a 
rise  in  the  river  Mersey  of  about  an  inch ;  and  at  the  London  docks,  a  fall  of 
one  tenth  of  an  inch  corresponds  to  a  rise  in  the  Thames  of  about  seven  tenths 
of  an  inch.  With  a  low  barometer,  therefore,  the  tide  may  be  expected  to  be 
high,  and  vice  versa.  The  tide  is  also  liable  to  be  disturbed  by  winds.  Sir 
John  Lubbock  states,  that,  in  the  violent  hurricane  of  January  8,  1839,  there 
was  no  tide  at  Gainsborough,  which  is  twenty-five  miles  up  the  Trent — a  cir- 
cumstance unknown  before.  At  Saltmarsh,  only  five  milea  up  the  Ouse  from 
the  Humber,  the  tide  went  on  ebbing,  and  never  flowed  until  the  river  was  dry 
in  some  places  ;  while  at  Ostend,  toward  which  the  wind  was  blowing,  con- 
trary effects  were  observed.  During  strong  northwesterly  gales  the  tide  marks 
high  water  earlier  in  the  Thames  than  otherwise,  and  does  not  give  so  much 
water,  while  the  ebb  tide  runs  out  late,  and  marks  lower  ;  but  upon  the  gales 
abating  and  weather  moderating,  the  tides  put  in  and  rise  much  higher,  while 
they  also  run  longer  before  high  water  is  marked,  and  with  more  velocity  of 
current :  nor  do  they  run  out  so  long  or  so  low. 
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LIGHT. 


Among  the  many  marvellous  results  of  tie  labors  of  the  human  mind  directed  j 
to  the  discovery  of  the  laws  of  the  physical  creation,  there  is  perhaps  ii' 
which  strike  us  with  more  astonishment  than  the  knowledge  which  has  b 
obtained  relating  to  the  qualities  and  laws  of  light.  The  principles  which  } 
govern  its  reflection  from  opaque  surfaces,  and  its  transmission  through  trans-  J 
parent  bodies,  we  shall  examine  on  another  occasion.  I  propose  for  the  pres-  ) 
ent  to  bring  before  you  the  facta  which  have  been  disclosed  regarding  its  J 
physical  nature  and  its  motion  through  space,  as  well  as  the  manner  in  which  ) 
it  affects  the  organ  of  vision,  so  as  to  produce  the  perception  of  external  and  s 
distinct  objects. 

Between  the  eye  and  any  distant  object,  there  intervenes  a  space  of  greater  J 
or  less  extent,  and  oi^en,  as  in  the  instance  of  the  stars,  so  great  as  to  b< 
scarcely  capable  of  being  clearly  and  adequately  expressed  hy  any  standard  o 
modolus  of  magnitude  with  which  we  are  familiar.  Yet  objects,  at  these  ira 
menae  distances,  are  rendered  visible  to  us  by  some  physical  effects  which  j 
they  are  capable  of  producing  and  which  in  fact  they  do  produce  upon  o 
organs  of  vision. 

We  shall  see  that  the  interior  of  the  eye-ball  is  lined  with  a  membra 
highly  susceptible  of  mechanical  vibration  and  connected  by  a  continuity  of  j 
nerves  with  the  brain ;  and  to  this  membrane  admission  is  given  for  light  by  ? 
an  opening  in  front  of  the  eye  called  the  pupil.  The  light  then  proceeding  } 
from  any  distant  object  must  be  supposed  to  pass  over  the  space  intervening  { 
between  the  object  »iid  the  eye,  to  enter  the  pupil  and  to  produce  upon  the  J 
membrane  within  the  eye  a  specific  mechanical  effect,  which  being  propagated  ) 
to  the  brain,  is  the  means  of  producing  in  the  mind  a  perception  of  the  disi 
object. 

How  then  are  we  to  conceive  that  an  object  placed  at  any  distance,  for 
ample,  say  one  hundred  millions  of  miles,  from  the  eye,  can  transmit  over  i 
through  that  space  a  mechanical  effect  which  shall  be  impressed  on  the  ej 
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LIGHT. 


■er  (hat  there  are  two  and  only  two  ways  in  which  it  is  possible  to 
such  an  action  to  take  place.     These  two  are  the  following  ; — 

First. — The  distant  object  thus  visible  to  us,  may  emit  particles  of  matter 
from  its  surface,  which  particles  of  matter  may  pass  over  the  intervening 
space,  may  enter  the  pupil  of  the  eye,  may  strike  upon  the  nervous  mem- 
brane, and  so  affect  it  as  to  produce  vision. 

Secondly. — -There  may  be  in  the  space  between  the  distant  visible  object 
and  the  eye,  a  medium  possessing  elasticity,  so  as  to  be  capable  of  receiving 
and  transmitting  pulsations  or  undulations  like  those  imparted  to  the  air  by  a 
sounding  body.  If  this  be  admitted,  the  distant  visible  object  may,  without 
emitting  any  particles  of  matter  from  its  surface  affect  such  a  medium  sur- 
rounding it  with  pulsations  or  undulations,  in  the  same  manner  as  a  bell 
affects  the  air  around  it.  These  pulsations  or  undulations  may  pass  along  the 
space  intervening  between  the  visible  object  and  the  eye,  in  the  same  manner 
as  the  pulsations  or  undulations  produced  by  a  bell  pass  along  the  air  between 
the  bell  and  the  ear.  In  this  manner  the  pulsations  transmitted  from  the 
visible  object,  and  propagated  by  the  medium,  we  have  referred  to,  may  reach 
the  eye  and  affect  the  membrane  which  lines  it,  in  the  same  manner  ex- 
actly as  the  pulsations  in  the  air  affect  the  tympanum  of  the  ear. 

These  are  the  two,  and  the  only  two  modes,  in  which  any  human  mind  ever 
yet  conceived  that  a  distant  object  could  become  visible  to  the  eye. 

In  the  first,  there  is  an  analogy  between  the  eye  and  the  organs  of  smelling. 
Odorous  objects  do  actually  emit  material  effluvia,  which  must  be  supposed  to 
form  part  of  their  own  substance.  These  effluvia  reach  the  organ  of  smell- 
ing, and  produce  upon  it  a  specific  effect,  which  impresses  the  mind  with  a 
corresponding  perception.  According  to  the  first  supposition,  a  visible  object 
at  any  distance  would  act  in  the  same  way,  and  would  eject  continual  parti- 
cles of  light,  which  particles  of  light  would  liiove  to  the  eye  and  produce 
vision,  acting  mechanically  on  its  membrane  in  the  same  manner  as  the  effluvia 
of  a  rose  produce  a  physical  effect  upon  the  organs  of  smelling. 

The  second  method  places  the  eye  in  analogy  with  the  ear.  So  close 
is  this  analogy  that  all  the  mathematical  formulse  by  which  the  effects 
of  sound  are  expressed  in  acoustics,  wiO,  with  very  slight  changes,  be  capa- 
ble of  expressing  the  effects  of  vision,  according  to  the  latter  hypothesis.  It 
is  evident,  however,  that  as  the  first  hypothesis  requires  us  to  admit  that  dis- 
tant visible  objects  are  continually  ejecting  matter  from  their  surfaces  to  pro- 
duce vision ;  so  the  second  hypothesis  as  peremptorily  requires  the  admission 
of  the  existence  of  some  physical  medium  pervading  the  universe, — some  subtle 
ethereal  fluid  endowed  with  a  property  of  propagating  the  pulsations  or  undu- 
lations of  distant  visible  objects  and  transmitting  them  to  the  eye.  This  hy- 
pothetical fluid  has  been  called  the  luminiferous  ether.  The  first  of  these 
two  celebrated  theories  of  light  has  been  called  the  corpuscular  theohy, 
the  second  the  tindulatory  theory, 

Newton,  although  he  did  not  identify  his  investigations  in  optics  with 
hypothesis,  but  in  the  spirit  of  the  inductive  philosophy  founded  by  Ba 
based  his  conclusions  on  experiments  and  observations  only,  adopted  ne 
theless  the  nomenclature  and  language  of  the  corpuscular  theory,  and,  probably, 
from  veneration  for  his  authority,  English  philosophers,  until  recently,  have 
very  generally  given  the  preference  to  that  theory. 

The  undulating  theory,  on  the  other  hand,  was  adopted  by  Huygens, 
after  him  by  most  continental  philosophers. 

The  researches  in  the  phenomena  of  optics  within  the  last  hundred  years 
been  marked  by  singular  diligence  and  success.     A  vast  variety  of  phi 
previously  unknown,  have  been  accurately  investigated,  new  laws  have  been 
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{  developed,  and  the  general  result  has  been  that  the  undulalorv  theory  has 
S  vailed  over  the  corpusculiy:.     It  is  perhaps   not  an  unfair  statement  of  the 


j  tual  condition  of  diese  two  celebrated  hypotheses,  lo  say  tha 
{  puscular  system  is  found  sufScient  to  e:ifplaia  most  of  the  corn 
)  phenomena  of  optics,  it  totally  fails  in  expl  m    y   f  h 

J  effects  brought  lo  light  by  modem  obse  d       p 

r  hand,  the  unduSatory  theory  in  gen      1    if  f 

!  for  all.     This  circumstance  has  very  prop    ly      d  1  g    m 
)  that  hypothesis  almost  all  the  leading  scie     fi    m        f  h    p 
Although  the  principal  facts  which  we    !    II  h  w 

iiJependent  of  either  of  these  two  hypotl  d  t 
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s  produced  . — or  would  a 
o  reach  the  eye  ?  and  if  so,  what  would  I      h  1     i  1       i 

)  the  distance  of  the  luminous  object? 

In  tracing  ihe  progress  of  human  knowl  d  i    q        ly  1 

J  to  behold  with  surprise,  and  not  withotit  a  1  f  h       1  j     1         p  rt 

j  part  which  accident  plays  in  the  advancei  f  Of  w    w 

J  diligent  zeal  in  search  of  things,  which,  if  1       d  w     Id  b       I       fl    g 

I,  when  we  stumble  on  inestimable  ir  fhlhfq        y 

J  this,  strongly  impresses  the  mind  with  tl      p  h      h 

I  operation  a  power  whose  will  it  is  that  kn      1  dg        d  h    1    m      in    d    h 
mtiy  progressive.     It  is  in  physi  1       W     g  ly 

{  that  which  is  worthless  and  often  find  what  is  inestimable. 

In  the  pursuit  of  knowledge  we  might  well  say  that  which  we  are  taught  to  J 
jxpress  in  the  pu/suit  of  what  is  moral  and  good.  We  might  say  that  the  I 
jowet  which  governs  its  progress  knows  bettor  than  what  we  do,  "  our  neces-  S 
j  sities  before  we  ask,  and  our  ignorance  in  asking."     We  shall  see  a  striking  / 

mple  of  this  in  the  narrative  which  I  shall  now  offer  of  the  celebrated  dis- 
!  covery  of  the  motion  of  light, 

I  Soon  after  the  invention  of  the  telescope,  and  the  consequent  dis 
(  Jupiter's  satellites,  Roemer,  an  eminent  Danish  astronomer,  engaged 
1  of  observations,  the  object  of  which  was  the  discovery  of  the  cxa 
(-  the  revolution  of  one  of  these  bodies  around  Jupiier.  The  mode  in 
}  proposed  to  investigate  this,  was  by  observing  the  successive  eclips 
j  satellite,  and  noticing  the  time  between  Ihem. 

!      Let  S  represent  the  sun  and  A  B  C  D  E  F  G  H  the  successive 
(  of  the  earth.     Let  J  be  Jupiter  projecting  behind  him  his  conical  shadow,  and  ( 
}  let  M  N  O,  represent  the  orbit  of  one  of  bis  satelhtes.     After  (     ' 
ledile  will  enter  the  shadow  at  M,  and  emerge  from  it  at  ] 
w  if  it  were  possible  to  observe  accurately  the  moment 
would,  after  each  revolution,  either  enter  the  shadow,  o 
terval  of  lime  between  these  events  would  enable  u 
(  the  velocity  and  motion  of  the  satellite.     But  by  attentively  ■ 
'  !  shadow,  for  s 


'ory  of  j 


at  which  ihe  s 
T  emerge  from  it,  ( 
o  calculate  exactly  J 
tching  the 
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prived  of  the  sun's  light  and  becomes  invisible.     We  can  also  note  the  mom 
of  its  emergence,  because  then  escaping  from  the  edge  of  the  shadow  it  cor 
into  the  sun's  light  and  becomes  visible.    It  was,  then,  in  this  manner  that  Roe-  / 
mer  proposed  to  ascertain  the   motion  of  the  satellite.     But  in  order  to  obtain  j 
tliis  estimate  with  the  greatest  possible  precision,  he  proposed   to  continue  hi 
observations  for  several  months. 

Let  us,  then,  suppose  that  we  have  observed  the  time  which  has  elapse 
between  two  successive  eclipses,  and  that  this  lime  is,  for  example,  forty-thre 
hours.     We  ought  to  expect  that  the  eclipse  would  recur  after  the  lapse  of  every  ) 
successive  period  of  forty-three  hours. 

Imagine,  then,  a  table  to  be  computed  in  which  we  shall  calculate  and  reg-  > 
ister  before  hand  the  moment  at  which  every  successive  eclipse  of  the  satellite  < 
for  twelve  months  to  come  shall  occur,  and  let  us  conceive  that  the  earih  is  at  A, 
at  the  commencement  of  our  observations,  we  shall  then,   as  Eoemer  did,  ob- 
serve the  moments  at  which  the  eclipses  occur  and  compare  them  with  the  mo- 
ments registered  in  the  table. 

Let  the    earth,  be  supposed  at  A,  at  the  commencement  of  these  obser- 
vations, where  it  is  nearest  lo  Jupiter.     When  the  earth  has  moved  to  B,  which  \ 
it  will  do  in  about  six  weeks,  it  wilt  be  found  that  the  occurrence  of  the  eclipse  ) 
ie  a  little  later  than  the  time  registered  in  the  table.     When  the  earth  arri 
at  C,  which  it  will  do  at  the  end  of  three  months,  they  will  occur  still  later  \ 
'    than  the  registered  time.     In  fact  at  C,  lie  eclipses  will  occur  about  eight  mi 
utes  later  than  the  registered  time.     At  D  they  will  be  twelve  minutes  lati 

s  struck  with  the  fact  tl  it  his  pi 


By  observations  such  as  these  Roem 
dictions  of  the  eclipses  proved  in  every  case  to  be  w 
occur  to  him  that  this  discrepancy  might  arise  from  som 
valions,  but  if  such  were  the  case,  it  might  be  expected 
betray  that  kind  of  irregularity  which  is  always  the  ch 
Thus  it  would  be  expected  that  the  predicted  time  wo  Id 
and  sometimes  earlier  than  the  observed  time,  and  tha 

earlier  to  an  irregular  extent.  On  the  contrary,  it  was  observed  durmg  the  six  J 
months  which  the  earth  took  to  move  from  A  to  E,  that  the  observed  ti 
continually  later  than  the  predicted  time,  and  moreover,  that  the  inten'al  by  { 
which  it  was  later  continually  and  regnlarly  increased.  This  was  an  effect,  , 
then,  too  regular  and  consistent  to  be  supposed  to  arise  from  the  casual  e 
of  observation  ;  it  must  have  its  origin  in  some  physical  cause  of  a  regular  / 
kind.  s 

The  attention  of  Roemer  being  thus  attracted  to  ihe'  question,  he  determined  ? 
to  pursue  the  investigation  by  continuing  to  observe  the  eclipses  for,  another  J 
half  year.     Time  accordingly  rolled  on,  and  the  earth  transporting  the  astrono- 
mer with  it,  moved  from  E  to  F.     On  arriving  at  F  and  comparing  the  obse 
ed  with  the  predicted  eclipse,  it  was  found  that  the  observed  time  was  n 
only  twelve  minutes  later  than  the  predicted  time.     At  the  end  of  the  ni 
month  when  the  earth  arrived  at  G,  the  observed  time  was  found  to  be  only  ) 
eight  minutes  later  ;  at  H  it  was  only  four  minutes  later,  and  finally,  when  the 
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earth  returned  to  the  same  relative  position  with  the  planet,  the  observed  time  > 
corresponded  precisely  with  the  predicted  time.* 

From  this  course  of  observation  and  inquiry  it  became  apparent  that  the 
lateness  of  the  eclipse  depended  altogether  on  the  increased  distance  of  the  i 
earth  from  Jupiter.     The  greater  that  distance,  the  later  was  the  occurrence  } 
of  the  eclipse  as  apparent  to  the  observers,  and  on  calculating  the  c 
distance,  it  was  found  that  the   delay  of  the  eclipse  was  exactly  proportional  J 
to  the  increase  of  the  earth's  distance  from  the  place  where  the  eclipse  occur-  ( 
red.     Thus    when   the  earth  was  at  E,  the  eclipse  was  observed  16  i  ' 
utes,  or  about  1,000  seconds  later  than  when  the  earth  was  at  A.     The  diame-  I 
ter  of  the  orbit  of  the  earth,  A  E,  measuring  about  two  hundred  millions  of  J 
miles,  it  appeared  that  that  distance  produced  a  delay  of  a  thousand  seconds, 
which  was  at  the  rale  of  two  hundred  thousand  miles  per  second.     It  appear- 
ed, then,  that  for  every  two  hundred  thousand  miles  that  the  earth's    "' 
from  Jupiter  was  increased,  the  observation  of  the  eclipse  i 
second. 

Such  were  the  facts  which  presented  themselves  to  Roemer.     How  w 
they  to  be  explained  ?     It  would  be  absurd  to  suppose  that  the  actual  oci 
rence  of  the  eclipses  was  delayed  by  the  increased  distance  of  the  earth  from  } 
Jupiter.     These  phenomena  depend  only  on  the  motion  of  the  satellite  and  the  j 
position  of  Jupiter's  shadow,  and  have  nothing  to  do  with,  and  can  have  n« 
pendance  on  the  position  or  motion  of  the  earth,  yet  unquestionably  the 
they  appear  to  occur  to  an  observer  upon  the  earth,  has  a  dependance  on  the  J 
distance  of  the  earth  from  Jupiter. 

To  solve  this  difficulty,  the  happy  idea  occurred  to  Roemer  that  the  n 
at  which  we  see  the  extinction  of  the  satellite  by  its  entrance  into  the  shadow  j 
is  not,  in  any  case,  the  very  moment  at  which  that  event  takes  place,  butsoni 
time  afterward,  viz.:  such  an  interval  as  is  sufficient  for  the  light  which  li 
the  satellite  just  before  its  extinction  to  reach  the  eye.     Viewing  the  malt 
thus,  it  will  be  apparent  that  the  more  distant  the  earth  is  from  the  satellite, 
the  longer  will  be  the  interval  between  the  extinction  of  the  satellite  and  the  \ 
■arrival  of  the  last  portion  of  light  which  left  it,  at  the  earth ;  but  the  moment  J 
of  the  extinction  of  the  satellite  is  that  of  the  commencement  of  the  eclipse,  ? 
and  the  moment  of  the  arrival  of  the  light  at  the  earth  is  the  r 
mencement  of  the  eclipsed  is  observed. 

Thus  Roemer  with  the  greatest  facility  and  success  explained  the  discrep-  ( 
ancy  between  the  calcniated  and  the  observed  limes  of  the  eclipses  ;  but  he  \ 
saw  that  these  circumstances  placed  a  great  discovery  at  his  hand.  In  short,  it  S 
was  apparent  that  light  is  propagated  through  space  with  a  certain  definite  ? 
speed,  and  that  the  circumstances  we  have  just  explained  supply  the  means  of  S 
measuring  that  velocity. 

We  have  shown  that  the  eclipse  of  the  satellite  is  delayed  one  second  n 
for  every  two  hundred  thousand  miles  that  the  earth's  distance  from  Jupite 
increased,  the  reason  of  which,  obviously  is,  tliat  light  takes  one  second  to  J 
move  over  that  apace  ;  hence  it  is  apparent  that  the  velocity  of  light  is  a 
rate,  in  round  numbers,  of  two  hundred  thousand  miles  per  second. 

Such  was  the  discovery  which  has  conferred  immortality  upon  the  nam 
Roemer ;  a  discovery  to  which,  as  we  have  shown,  he  was  accidentally  led  J 
when  seeking  to  determine  the  velocity  of  one  of  the  moons  of  Jupiter, 
velocity  thus  determined  would,  in  the  corpuscular  theory,  be  regarded  at 
with  which  the  particles  of  light  issuing  from  the  surface  of  a  visible  object 
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ough  space.     In  the  undulatoty  theory,  however,  which  is  more  generally  j 
(  received,  this  velocity  must  be  regarded  as  that  with  which  the  waves  or 
)  dulations  of  light  are  propagated  through  space  in  the  same  sense  as  waves  ) 
J  appear  to  move  on  the  surface  of  water  if  a  pebble  be  dropped  in  to  form  a, 

itre  round  which  they  are  propagated.     It  is  necessary  to  remember  when 

isidering  any  system  of  undulations,  no  matter  through  what  medium  they  C 
J  may  be  propagated,  that  the  progressive  motion  which  belongs  to  them  is  a 
S  motion  of  form  merely,  and  not  of  matter.     The  waves  which  are  propagated 
\  round  a  centre  when  a  pebble  is  dropped  into  calm  water,  present  an  appear- 

;e  to  the  eye  as  though  the  water  which  formed  the  wave  really  moved  out- 
f  ward  from  the  centre  of  the  undulations.     Such  is,  however,  not  the  case.    No 
J  particle  of  the  fluid  has  any  progressive  motion  whatever,  of  which  many  J 
(  proofs  may  be  offered.     If  any  floating  body  be  placed  on  the  surface  of  the  \ 

Iter,  it  will  not  be  carried  along  by  the  waves,  and  if  similar  waves  be  form- 

,  as  they  might  be,  by  giving  a  peculiar  motion  to  a  sheet  or  cloth,  they  J 

luld  have  the  same  appearance  of  progressive  motion,  although  the  parts  of  J 
<  the  sheet  or  cloth,  as  is  evident,  would  have  no  other  motion  than  the  up-and 
)  down  motion  that  would  form  the  apparent  undulations.  We  are  then  t 
1  remember  that  when  light  is  propagated  through  space  with  the  astonishing 
)  velocity  of  two  hundred  thousand  miles  pet  second,  there  is  no  material  sub- 
J  stance  which  really  has  this  progressive  velocity ;  it  belongs  merely  to  the 
}  form  of  the  pulsations,  or  undulations.  The  same  observations,  exactly,  are 
C  applicable  to  the  transmission  of  the  waves  of  sound  through  the  air. 

In  order  to  submit  the  phenomena  of  light  to  a  strict  physical  analysis,  it  is 

lot  enough  to  measure  the  motion  of  its  waves.     We  require  also  to  know  the  ) 

)  amplitude  or  breadth  of  these  waves,  just  as  in  the  case  of  the  waves  of  the  J 

.  we  should  require  to  know  not  only  the  rate  at  which  they  are  propagated  ? 

!r  the  surface  of  the  water,  but  also  the  space  which  intervenes  between  the  ( 
s  hollow  or  crest  of  each  successive  wave  and  the  hollow  or  crest  of  the  s 
)  ceeding  one. 

S       For  the  solution  of  this  refined  problem  in  the  analysis  of  light,  we  are 
(  debled  to  Newton  himself.     To  render  clearly  intelligible  the  mode  in  which  J 
e  solved  it  let  us  imagine  a  flat  plate  of  glass    such  as  \  B    placed  upon  a 
onsex  lens  of  glass  such  js  C  D  but  let  it  be  imagined  that  the  degree  of  i 
J  convexity  is  much  less  than  that  lej  resented  in  the  figure 


'he  under  surface  of  the  flit  pidle  will  touch  the  vertext  of  the  convei 

^  and  the  lurther  any  pomt  on  the  under  surface  ih  from  V  ihe  greater  i 

}  be  the  distance  between  the  surfaces  of  the  two  glasses      Thus  the  distance  \ 

'l  een  them  at  1  is  less  than  at  2  and  the  distance  at  2  is  less  than 
S  0  and  so  on  The  distance  at  the  surfaces  gradually  increasing  in  fi 
{  from  V  outward 

II  looking  down  on  the  plate  A  B  we  consider  the  point  V  as  a  centre  f 
a  circle  be  described  round  it  at  all  points  of  that  circle  the  surfaces  of  the  ( 
glasses  will  have  the  same  distances  between  them  and  the  greater  that  circle  ( 
IS  the  greater  will  be  the  distances  between  the  surfices  of  f,Uss 

Having  the  glasses  thus  arranged,  Newton  let  a  beam   of  light  ol  some  pir    ■ 
(  ticuUr  color,  produ"ed  by  a  priam,  as  red,  for  example,  fall  on  the  surface  of  J 
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the  glass,  A  B.     He  found  that  the  effect  produced  was  that  a  black  spot  ap-  j 

peared  at  the  centre,  V,  where  the  glasses  touched  ;  that  immediately  around  j 

this  spot  there  appeared  a  circle  of  red  light ;  that  beyond  that  circle  appeared  ) 

a  dark    ring;    that  outside   of    that  dark  ting  there    was     another    circle  J 

of  red  light,  still  having  the  point  V  as  its  centre.     Outside  this  second  circle  ) 

appeared  another  dark  ring,  beyond  which  there  was  another  circle  of  red  < 

light,  and  so  on,  a  aeries  of  circles  of  red  light,  allemaled  with  dark  rings  be-  ! 

ing  formed,  all  having  the  point  Y  as  their  common  centre.  ( 

The  distances  between  the  surfaces  of  glass  at  which  the  successive  circles  ) 

of  red  light  were  found,  were  too  minute  to  be  directly  measured,  but  they  ( 

were  easily  calculated  by  measiuing  the  diameCars  of  the  circles  of  light ;  and  > 

knowing  the  diameters  of  the  convex  surface  C  V  D,  this  was  a  simple  problem  ( 

of  geometry,  easily  solved,  and  admitting  the  greatest  accuracy.  J 

I       On  making  these  calculations,  Newton  found  that  the  distance  between  the  < 

'   glass  surfaces  where  the  second  red  circle  was  formed  was  double  the  distance  \ 

\  corresponding  to  the  first;  that  at  the  third  red  circle  the  distance  was  triple  that  I 

'  of  the  iirst,  and  so  on.  •  It  foliowed,  of  course,  that  wherever  the  dark  rings  S 

were  formed,  the  distance  between  the  glass  surfaces  were  not  an  exact  num-  ( 

ber  of  times  the  space  corresponding  to  the  first  red  circle.  ) 

Thus  if  we  express  the  apace  between  the  glasses  at  the  first  red  circle  by  1,  < 

the  space  between  them  within  that  circle,  toward  the  centre  V,  would  be  a  } 

fraction.     The  space  corresponding  to  the  first  dark  ring  outside  the  first  red  C 

circle,  would  be  expressed  by  1  and  a  fraction  ;  the  space  at  the  second  red  > 

circle  would  be  expressed  by  2  ;  the  space  at  the  second  dark  ring  would  be  i 

e3:pressed  by  2  aud  a  fraction,  and  so  on.  / 

Newton  was  not  slow  to  see  that  these  phenomena  were  the  direct  manifes-  J 

tation  of  those  effects  which,  in  the  corpuscular  theory  whose  nomenclature  he  } 
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waves  of  ea.ch  being  less  than  those  of  the  preceding.     Bu 

ing  part  of  this  most  celebrated  investigation  was  the  m 

waves.     It  appeared  that  the  waves  of  red  light  were  s 

thousand  of  them  would  be  comprised  within  an  inch,  while  the  waies  of  violet  { 

light,  forming  the  other  extreme  of  the  series,  were  so  small,  that  sixty  thou-  ; 

sand  spread  over  an  inch,  and  the  waves  of  light  of  other  colors 

mediate  maj^nitudes. 
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nus  was  discovered  the  physical  cause  of  the  splendor  and  variety  of  colors, 
fi  singular  and  mysterious  alliance  was  developed  between  color  and  sound,  i 
>  Lights  are  of  various  hues,  atcording  to  (he  magnitude  of  the  pulsations  that  i 
)  produce  them,  exactly  as  musical  sounds  vary  their  tone  and  pitch  according  ) 
5  to  the  magnitude  of  the  aerial  pulsations  from  which  they  result. 

3iit  this  is  not  all.     The  alliance  between  sound  and  light  does  not  termi- 

e  here.     We  have  only  spoken  of  the  amplitude  of  the  luminous  waves,  and 

'e  shown  thai  it  determines  the  tints  of  colors.     What  are  we  to  say  for  the 

[  altitudes  of  the  waves  ?     Here,  again,  is  another  link  of  kindred  between  the  } 

_  e  and  the  ear.     As  the  altitude  of  sonorous  waves  determines  the  loudness  J 

i  of  the  sounds,  ao  the  altitude  of  luminous  waves  determines  the  intensity  o 

5  brightness  of  the  color. 

There  is  one  step  more  in  the  series  of  wondrous  results  which  these  mem 
S  orable  investigations  have  unfolded.     As  the  percepiion  of  sound  is  produced  ( 
J  by  the  tympanum  of  the  ear  vibrating  in  sympathetic  accordance  with  the  pul-  J 
s  of  ihe  air  produced  by  the  sounding  body,"  so  the  perception  of  light  and  j 
{  color  is  produced  by  similar  pulsations  of  the  membrane  of  the  eye  vibrating  j 
n  accordance  with  ethereal  pulsations  propagated  from  the  visible  object, 
n  the  case  of  the  ear,  the  rigor  of  scientific  investigation  requires  us  to  estimate  i 
be  rate  of  the  pulsation  of  the  tympanum  corresponding  to  each  particular 
o  in  the  case  of  light  are  we  required  to  count  the  vibrations  of  the  retina  of  1 
)  the  eye  corresponding  to  every  tint  and  color.     It  may  well  be  asked,  in  some 
i  spirit  of  incredulity,  how  the  solution  of  such  a  problem  could  be  hoped  for  ; 
}  yet,  as  we  shall  now  see,  nothing  can  be  more  simple  and  obvious. 
)       Let  us  suppose  an  object  of  any  particular  color,  as  a  red  star,  for  example,  J 
J  placed  at  a  distance  and  seen  by  the  eye.     From  ihe  star  to  the  eye  there  pro-  ) 
a  continuous  line  of  waves ;  these  waves  enter  the  pupil  and  impinge  J 
j  upon  the  retina ;  for  each  wave  which  thus  strikes  the  retina,  there  will  be 
_        e  pulsation  of  that  membrane.     Its  rate  of  pulsation,  or  the  number  c 
;  vibrations  which  it  makes  per  second,  will  therefore  be  known,  if  we  can  a; 
rertain  how  many  luminous  waves  enter  the  eye  per  second. 
It  has  been  already  shown  that  light  moves  at  the  rate  of  about  two  hundred  J 
ind  miles  per  second  ;  it  follows,  therefore,  that  a  length  of  ray  amount-  ' 
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o  hundred  thousand  miles 


the  pupil  each  second ;  the  n 


1,  therefore,  per  second,  which  the  retina  will  vibrate,  wilt  be  the 
ame  as  the  number  of  the  luminous  waves  contained  in  a  ray  two  hundred  \ 
bousand  miles  long. 

Let  us  take  the  case  of  red  light.     In  two  hundred  thousand  miles  there  at 

n  round  numbers  a  thousand  millions  of  feet,  and  therefore  twelve  thousan 

j  millions  of  inches.     In  each  of  these  twelve  thousand  millions  of  inches  ther_ 

■e  forty  thousand  waves  of  red  light.  In  the  whole  length  of  the  ray,  therefore,  J 
J  there  arrf  four  hundred  and  eighty  millions  of  millions  of  waves.  Since  this  \ 
,  ray,  however,  enters  the  eye  in  one  second,  the  retina  must  pulsate  once 
\  each  of  these  waves  ;  and  thus  we  arrive  at  the  astounding  conclusion,  that  \ 
ten  we  behold  a  red  object,  the  membrane  of  the  eye  trembles  at  the  rale  ' 
r  hundred  and  eighty  millions  of  miOiona  of  limes  between  every  two  licks  J 
a  common  clock ! 

[n  the  same  manner,  the  rate  of  pulsation  of  the  retina  corresponding  to  other  \ 
Is  of  colors  is  determined  ;  and  it  is  found  that  when  violet  light  is  perceived, 
i.i„„  ..  »u.  ...„  ,r j^  hundred  and  twenty  millions  of  millions  of  times 


j       In  the  annexed  table  i 
J  color,  the  number  of  thi 

cond  which  strike  the  ey 


magnitud 


IS  of  the  luminous  waves  of  each  J 
nch,  and  the  number  of  undula- 
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0-0000266 
0-0000256 
0-0000240 
0-0000227 
0-0000211 
0-0000196 
0-0000185 
0-0000174 
0-0000 J67      - 

37640 
39180 
41610 
44000 
47460 
51110 
54070 
57490 
59750 

477,000G00,00O0On 

506,000000,000000 

535,000000,000000 

577,000000,000000 

622,000000,000000 

658,000000,000000 

699,000000,000000 

Eitceme  Violet 

727,000000,000000 

;  preceding  calculations  are,  as  will  be  easily  perceived,  made  only  ii 
j  round  numbers,  with  a  view  of  rendering  the  principles  of  the  investigatioi 
\  intelligible.     In  the  table  the  exact  results  of  the  physical  investigations  which  J 
j  have  been  carried  on,  on  this  subject,  are  given. 
\       In  considering  the  two  theories  of  light,  each  of  which  has  been  rendered  J 
5  memorable  by  the  eminent  philosophers  who  have  favored  them  respectively,  J 
j  it  is  necessary  that  we  should  distinguish  in  each  of  them  that  which  is  purely  f 
\  hypothetical,  and  which  remains  yet  to  be  established  as  a  matter  of  fact,  from  ( 
<  that  which  expresses  real  and  ascertained  phenomena, 
j       In  explaining  these  points,  we  cannot  do  better  than  adopt  the  clear  a 
\  candid  language  and  reasoning  of  Sir  John  Herschel.     In  explaining  gener-  ) 
f  ally  the  postulates  of  these  theories,  he  says  that  in  the  corpuscular  hypothesis  j 
I  the  following  assumptions  are  made. 
J       1.  That  light  consists  of  particles  of  m 
}  with  attractive  and  repulsive  forces,  and  p    j 
)  bodies  with  nearly  the  same  velocity,  of  b 
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8.  That  the  forces  which  produce  ihe  reflection  and  refraction  of  light  a 
nevertheless,  absolutely  insensible  at  all  measurable  or  appreciable  distances  j 
from  the  molecules  which  exert  them. 

9.  That  every  luminous  molecule,  during  the  whole  of  its  progress  through  J 
space,  is  continually  passing  through  certain  periodically  recurring  states,  called  f 
by  Newlon  fits  of  easy  reflection  and  easy  transmission,  in  virtue  of  which  { 
they  are  more  disposed,  when  in  the  former  states  or  piiases  of  their  periods, 
lo  obey  the  influence  of  the  repulsive  or  reflective  forces  of  the  molecules  of  a 
medinm ;  and  when  in  the  latter,  of  the  attractive. 

Such  are  the  principles  necessary  to  be  admitted  in  the  corpuscular  theory. 
Herschel  states  those  of  the  nndulatory  theory  as  follows  : —  ] 

1.  That  an  excessively  rare,  subtle,  and  elastic  medium,  or  ether,  fills  all  j 
apace,  and  pervades  al!  material  bodies,  occupying  the  intervals  between  their  ( 
molecules ;  and  either  by  passing  freely  among  them,  or  by  its  extreme  rarity,  ■ 
offering  no  resistance  to  the  motion  of  the  earth,  the  planets,  or  comets,  in  their  '■ 
orbits,  appreciable  by  the  most  delicate  astronomical  observations  ;  and  having  J 
inertia,  but  not  gravity.  ^ 

2.  That  the  molecules  of  the  ether  are  susceptible  of  being  set  in  motion  b 
the  agitation  of  the  particles  of  ponderable  matter  ;  that  when  any  one  is  tht 
set  in  motion,  it  communicates  a  similar  motion  to  those  adjacent  lo  it ;  an 
that  the  motion  is  propagated  farther  and  farther  in  all  directions,  according  to  \ 
the  same  mechanical  laws  which  regulate  the  propagation  of  undulations  ii 
other  elastic  media,  as  air,  water,  or  soUds,  according  to  their  respective  con 
stitutions. 

3.  That  in  the  interior  of  refracting  media  the  ether  exists  in  a  state  of  less  ) 
elasticity,  compared  with  its  density,  than  in  vacuo  {that  is,  space  empty  of  all  i 
other  matter) ;  and  that  the  more  refractive  the  medium,  the  greater,  relatively  } 
speaking,  is  the  elasticity  of  the  ether  in  its  interior. 

4.  That  vibrations  jjomnianicated  to  the  ether  in  free  apace  are  propagated  I 
through  refractive  media  by  means  of  the  etber  in  their  interior,  but  with  a 
locity  corresponding  lo  its  inferior  degree  of  elasticity. 

5.  That  when  regular  vibratory  motions  of  a  proper  kind  are  propagated  S 
through  the    th  dp      'ng  through  our  eyes,  reach  and  agitate  the  nen-es 
of  our  retin      h  y  prod         n  us  the  sensation  of  light,  in  a  manner  bearing  a 
more  or  les      1         nal  gy  o  that  in  which  the  vibrations  of  the  air  aifect  our 
auditory  n 

e  of  sound,  the  frequency  of  the  aerial  pulse 
and  fro  from  the  point  of  rest  made  by  each  n 
the  pitch  or  note ;  so,  in  the  theory  of  light,  the  j 
number  of  impulses  made  on  our  nerves  in  a  given  J 
les  next  in  contact  with  them,  determines  the  color  ; 
absolute  extent  of  the  motion  to  and  fro  of  the  par- 
loudness  of  the  sound,  so  the  amplitude  or  extent  of  j 
the  exciu'sions  of  the  ethereal  molecules  from  their  points  of  rest  determine 
the  brightness  or  intensity  of  the  light. 

Whichever  theory  we  adopt  to  explain  the  phenomena  of  light,  we  are  led  t 
conclusions  that  strike  the  mind  with  astonishment.     According  to  the  corpus 
cular  theory,  the  molecules  of  light  are  supposed  to  be  endowed  with  attractiv 
and  repulsive  forces,  to  have  poles  to  balance  themselves  about  their  centre 
of  gravity,  and  to  possess  other  physical  properties  which  we  can  only  ascribe  5 
to  ponderable  matter.     In  speaking  of  these  properties,  it  is  difficult  to  divest  J 
oneself  of  the  idea  of  sensible  magnitude,  or  by  any  strain  of  the  imagination  ) 
to  conceive  that  particles  to  which  they  belong  can  be  so  amazingly  small  aa 
those  of  light  demonstrably  are.     If  a  molecule  of  light  weighed  a  single  grain, 
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3  momeiitum  (by  reason  of  the  enormous  velocity  with  which  it  moves)  would  | 
\  be  such  that  its  effect  would  be  equal  to  that  of  a  cannon-ball  of  one  hundred  ■ 
}  and  fifty  pounds,  projected  with  a  velocity  of  one  thousand  feet  per  second. 
\  How  inconceivably  small  must  they  therefore  be,  when  millions  of  molecules, 
f  collected  by  lenses  or  mirrors,  have  never  been  found  to  produce  the  slightest 
(  effect  on  the  most  delicate  apparatus  contrived  expressly  for  the  purpose  of 
j  rendering  their  materiality  sensible  ! 

If  the  corpuscular  theory  astonishes  us  by  the  extreme  minuteness  and  pro- 
}  digious  velocity  of  the  luminous  molecules,  the  numerical  results  deduced  from 
(  the  undulatory  theory  are  not  less  overwhelming.  The  extreme  smallness  of 
)  the  amplitude  of  the  vibrations,  and  the  almost  inconceivable  but  still  raeasu- 
',  rable  rapidity  with  which  they  succeed  each  other,  were  computed  by  Doctor 
'  "Voung,  and  are  exhibited  in  the  table  previously  shown, 
i;  Od  a  cursory  view,  it  must  appear  singular  that  two  hypotheses,  founded  on 
'  assumptions  so  essentially  different,  should  concur  in  affording  the  means  of 
explaining  so  great  a  number  of  facts  with  equal  precision  and  almost  equal 
[  facility.  This,  however,  is  the  case  with  respect  to  the  corpuscular  and  undu- 
'  latory  theories  of  light,  from  both  of  which  the  mathematical  laws  to  which  the 
'i  phenomena  are  subject  may  be  deduced,  though  not  in  all  cases  with  the  same 
'  degree  of  facility.  So  far  as  the  corpuscular  doctrine  is  available  for  the  pur- 
S  poses  of  deductive  explanation,  it  possesses  all  the  characteristics  of  a  good 

<  theory.     It  supposes  the  operation  of  a  force  with  which  we  are  in  some 

>  measure- fa mihar.  We  are  accustomed  to  contemplate  the  effects  of  attraction 
J  in  the  grand  phenomena  of  astronomy  ;  we  perceive  them  at  every  instant  in 
7  the  downward  tendency  of  all  heavy  bodies  ;  and,  though  they  disappear  in  the 

<  small  bodies  of  nature,  they  are  reproduced  in  the  phenomena  of  electricity,  | 

>  magnetism,  capillary  attraction,  and  various  chemical  actions,  where  ihey  can 

<  be  not  only  distinctly  traced,  but  reduced  to  mathematical  formutte,  and  sub- 
J  mitted  to  accurate  calculation.     The  undulatory  hypothesis  is  not  seized  by  the 

i  mind  with  thp  same  facility ;  yet  it  also  possesses  some  of  the  least  equivocal  ^ 
{  characteristics  of  philosophical  truth.  No  phenomenon  has  yet  been  discovered 
{  decidedly  at  variance  with  any  of  its  principles.  On  the  contrary,  most  of  the 
}  phenomena  follow  from  those  principles  with  remarkable  ease  ;  and  in  numer- 
5  ous  instances,  consequences  deduced  from  the  theory  by  a  long  and  intricate 
;  analysis,  and  where  no  sagacity  could  possibly  have  divined  the  result,  have 
;  been  found  to  be  accurately  true  when  brought  to  the  test  of  experiment.  Hence 
}  this  hypothesis  begins  to  be  generally  adopted  by  philosophers,  and,  in  recent 
;  times,  by  far  the  most  illustrious  names  in  the  annals  of  optical  discovery  ace 

ded  in  the  list  of  its  supporters. 

lal  the  sensation  of  light  is  produced  by  the  vibrations  of  an  extremely 

>  rare  and  subtle  fluid,  is  an  idea  that  was  maintained  by  Descartes,  Hooke,  and 
!  others  ;  but  it  is  to  Huygens  that  the  honor  solely  belongs  of  having  re- 

)  duced  the  hypothesis  to  a  definite  shape,  and  rendered  it  available  to  the  pur- 
poses of  mechanical  explanation.  Owing  to  the  great  success  of  Newton  in 
applying  the  corpuscular  theory  to  his  splendid  discoveries,  the  speculations 
f  of  Huygens  were  long  neglected ;  indeed,  the  theory  remained  in  the  same 
(  state  in  which  it  was  left  by  him  till  it  was  taken  up  by  our  countrj'man,  the 
J  late  Dr.  Young.  By  a  train  of  mechanical  reasoning,  which  in  point  of  inge- 
f  nuity  has  seldom  been  equalled,  Dr.  Young  was  conducfed  to  some  very  re - 
]  markable  numerical  relations  among  some  of  the  apparently  most  dissimilar 

>  phenomena  of  optics  to  the  general  laws  of  diffraction,  and  to  the  two  princi- 
5  pies  of  coloration  of  crystallized  substances.  Malus,  so  late  as  1810,  made 
5  the  important  discovery  of  the  polarization  of  light  by  reflection,  and  success- 
J  fully  explained  the  phenomenon  by  the  hypothesis  of  an  undulatory  pcopaga- 
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tion.     The  theory  subsequently  received  a  great  extension  from  the  ingenious  \ 
labors  of  Fresnel ;  and  the  still  more  recent  researches  of  Ara^o,  Poisson 
Herschel  Airy,  and  others,  have  conferred  on  it  so  great  a  degree  'of  proba- 
bility, that  it  may  almost  be  regarded  as  ranking  in  the  class  of  demonstrated  J 
truths      "  It  ia  a  theory,"  says  Herschel,  "  which,  if  not  founded  ii 
ceriBinly  one  of  the  happiest  fictions  thai  the  genius  of  man  has  yet  invented  J 
to  group  together  natural  phenomena,  as  well  as  the  most  fortunate  in  the  sup- 
port  It  has  received  from  whole  classes  of  new  phenomena,  which  at  their  > 
discovery  seemed  in  irreconcilable  opposition  to  it.     It  is,  in  fact, 
applications  and  details,  one  succession  of  felicities ;  inasmuch  as  tha 
almost  be  induced  to  say,  if  it  be  not  true,  it  deserves  to  be." 

Light  and  heat  are  so  intimately  related  to  each  other,  that  philosopher 
have  doubted  whether  they  are  identical  principles,  or  merely  coexistent   i 
the  luminous  rays.     They  possess  numerous  properties  in  common :  being  ) 
reflected,  refracted,  and  polarized,  according  to  the  same  optical  law         ' 
exhibit  the  same  phenomena  of  interference.     Most  substances  during  combus-  . 
tion  gi\  e  out  both  light  and  heat ;  and  all  bodies,  except  the  gases,  when  heated  } 
to  a  high  temperature,  become  incandescent.     Nevertheless,  there  are  many  ? 
circumstances  in  which  they  appear  to  difl'er.  ' 

A  thm  plate  of  transparent  glass  interposed  between  the  face  a 
fire  intercepts  no  sensible  portion  of  the  light,  but  most  sensibly  diminishes  j 
the  heat  Light  and  heat  are  therefore  not  intercepted  alike  by  the  same  sub-  j 
stances  Heal  is  also  combined  in  different  degrees  with  the  different  rays  of  j 
the  solar  spectrum.  A  very  remarkable  discovery  on  this  subject  was  made  j 
by  Sir  William  Herschel,  which  would  seem  to  establish  the  independence  of  { 
the  heating  and  illuminating  eifects  of  the  solar  rays.  Having  placed  ther- 
mometer'f  in  the  several  prismatic  colors  of  the  solar  spectrum  ."he  found  the  > 
heating  power  of  the  rays  gradually  increased  from  the  violet  (where  it  n 
least)  to  the  extreme  red,  and  that  the  maximum  temperature  existed  soiii^^dis-  J 
tance  beyond  the  red,  out  of  the  visible  part  of  the  spectrum.  The  experiment  [ 
was  soon  after  repeated  with  great  care  by  Berard,  who  confirmed  Herachel's  ( 
conclusions  relative  to  the- augmentation  of  the  calorific  power  from  the  violet  / 
to  the  red,  and  not  beyond  the  spectrum.  This  discovery  of  the  inequality  of  } 
the  heaUng  power  of  the  different  rays  led  to  the  inquiry  whether  the  chemical  J 
action  produced  by  light  upon  certain  bodies  was  merely  the  en"ect  of  the  heat  { 
accompanjmg  n,  or  owing  to  some  other  cause.  By  a  series  of  delicate  ex-  j 
penments,  Berard  found  that  this  action  is  not  only  independent  of  the  heating  J 
power,  but  follows  entirely  a  different  law  ;  its  intensity  being  greater  in  ' 
violet  ray,  where  the  heating  power  is  the  least,  and  least  in  the  red  ray  where  ( 
the  heating  power  is  the  greatest.  We  are  thus  led  to  the  conclusion  that  the  \ 
solar  rays  possess  at  least  three  distinct  powers— those  of  healing,  illumina- 
ung,  and  effecting  chemical  combinations  and  decompositions  ;  and  these  p 
ers  are  distributed  among  the  different  refrangible  rays  in  such  a  manner  a 
show  their  complete  independence  of  each  oiher. 

I  shall  dismiss  this  subject,  however,  for  the  present,  as  I  shall  have  another  { 
opportunity  of  more  fully  developing  the  relations  of  heat  and  Ught. 
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to  between  Mahs  andJrpiTEH. — Jupiter's  Distance  ond  Period.— His  Maguitade  and  Weight.— 
ia  Velocity,— Appearapce  of  hia  Disk.— Daj-  and  Night  on  Jnpiler.— Poaition  o{  his  Axia.— Ab. 
nee  of  Seasons— His  Telescopic  Appearance.— His  Belts.- Causes  of  his  Belts— Cnrrenls  in 
I  Atmosphere.— Madlcr's  Telescopic  Views  of  Jupiler.— Appearance  of  the  Son  as  seen  from 
piter.— His  Satellites— The  \  anely  of  his  Months.- Magnificent  Appearai  ce  of  the  Moons  at 
;ji  from  Jupiter.- Their  Echpses- Satuiu,- His  diuma]  Hotalion— Appejiance  of  the  Sub 
seen  from  him.— His  Almosphere  — His  Rin^— Their  DimenoiDns—Bitls  Explanation  of 
^ir  SlabilUj-.- HerEchel'a  Theory  of  the  same- AppearanLes  and  Disappearances  of  the  ( 
ngs.- Various  Phases  of  Ihp  amga-Salums  Satollilfs  — Her  chel  or  Ufasb't— His 
ice  and  Magnitude. — His  Moons. — Reasons  why  there  is  no  Planet  bevond  h  s  Orbit 
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Passing  across  the  wide  apace  which  intervenes  between  the  minor  planets  ( 
which,  with  the  earth,  circulate  under  the  immediate  wing  of  the  sun.  in  the 
midat  of  which  space  we  encounter  the  strange  spectacle  of  the  ruins  of  a  shat- 
tered world,  we  arrive  at  the  region  of  the  system  in  which  roll  in  silent  maj-  I 
esty  the  stupendous  orbs  of  Jupiter,  Saturn,  and  Herschel,  accompanied  by  j 
their  gorgeous  apparatus  of  multiplied  moons,  rings,  and  belts.    The  mind  i;  _ 
pared  to  expect  here  another  order  of  worlds,  and  it  is  not  disappointed.     The  { 
first  of  these  sublime  globes  which  attracts  our  attention  is  dial  of  Jupiter,  ; 
whose  diameter  is  eighty-eight  thousand  miles,  and  whose  bulk  is  fifteen  hun- 
dred times  that  of  our  own  globe.     The  distance  of  this  planet  from  the  sun  is 
nearly  five  hundred  millions  of  miles,  and  when  our  globe  is  nearest  to  it,  it  is 
nearly  four  times  more  distant  from  as  than  the  sun.     Nevertheless,  such  ia  its 
stupendous  size  that  it  subtends  to  the  eye  an  angle  of  forty-five  seconds,  and 
is,  next  to  the  sun  and  moon,  the  most  brilliant  object  in  the  heavens.     It  has  > 
in  this  respect  the  advantage  over  Venus,  that  when  nearest  to  us  its  illurai-  { 
nated  hemisphere  is  presented  directly  to  the  line  of  vision,  and  it  is 
the  meridian  at  midnight,  when  the  entire  absence  of  the  sun's  light  so  much  { 
favors  its  apparent  splendor.     The  orbit  of  the  earth,  which  is  included  ii 
of  Jupiter,  is  so  small,  compared  with  that  of  the  planet,  that  its  illuminated  ( 
hemisphere,  which  is  presented  precisely  to  the  sun,  is  always  presented  very  i 
nearly  to  the  earth.     Jupiter,  therefore,  does  not  appear  sensibly  gibbous,  and,  ( 
consequently,  is  alwavs  seen  with  a  full  face.  ) 

The  time  which  Jupiter  takes  to  make  his  complete  revolution  round  the  J 
sun,  is  4,333  days,  being  something  less  than  twelve  years.     Sue' 
length  of  the  year  of  Jupiter. 

The  weight  or  mass  of  the  planet  Jupiter  is  316  times  greater  than  that  of  the  J 
earth  ;  but  its  bulk,  beiiig  greater  than  that  of  the  earth,  in  the  higher  propor- 
tion of  about  fifteen  hundred  to  one,  it  follows  that  its  density  is  about  four  J 
times  less  than  that  of  the  earth ;  being  nearly  equal  to  the  density  of  the  s 
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f  The  globe  of  Jupiter  is  therefore  about  aa  heavy  aa  if  it  was  composed  of  ! 
(  water  from  its  surface  to  lis  centre.  < 

)  There  is  nothing  connected  with  the  motion  of  the  planets  more  surprising  ? 
j  than  their  enormous  velocities,  which,  to  our  observation,  are  nevertheless  ) 
?  scarcely  perceptible,  owing  to  the  fact  that  their  distances  from  us  are  propor-  ? 
S  tionaily  great.  Jupiter,  when  nearest  to  us,  is  at  a  distance  of  four  hundred  J 
)  millions  of  miles.  A  cannon-ball  which  moves  at  the  rate  of  five  hundred  ( 
I  miles  an  hour,  would  require  nearly  a  hundred  years  to  come  from  Jupiter  to  J 
!  us,  and  if  a  steam-engine  on  a  railway,  moving  at  twenty  miles  an  hour,  were  i 
S  to  take  its  departure  for  Jupiter,  it  would  not  arrive  at  its  destination  until  the  \ 
)  expiration  of  two  thousand  three  hundred  years. 

S      Taking  the  diameter  of  Jupiter's  orbit  at  a  thousand  millions  of  miles 
/  circumference  is  more  than  three  thousand  millions  of  miles,  which  is  travel 
)  in  less  than  twelve  years.     The  space  moved  over  annually  by  Jupiter  is,  thou,  , 
)  two  hundred  and  fifty  millions  of  miles  ;  and  the  space  moved  over  monthly  { 
S  about  twenty  millions  of  miles  ;  and  the  space  moved  over  daily  about  seven 
?  hundred  thousand  miles  ;  and  ihe  space  moved  over  hourly  about  thirty  thou- 
S  sand  miles  ;  being  at  the  rate  of  about  five  hundred  miles  a  minute  ;  a  velocity  i 
?  sixty  times  greater  than  that  of  a  cannon-ball. 

J  DIIIENAL    ROTATION    or    JUPITER. 

j  Although  the  varieties  of  light  and  shade  which  characterize  the  disk  of  J 
(  Jupiiet  are  wbject  to  vanaiions  which  show,  as  will  be  seen  hereafter,  that  J 
J  they  aro  (•[-.ncipally  produced  by  clouds  in  his  atmosphere,  yet  permanent  < 
)  marks  weie  discovered  upon  it  at  an  early  epoch,  by  which  the  fact  was  estab-  i 
1  lushed  that  the  planet  has  a  diurnal  rotation.     In  the  years  1664-'5,  Hook  and  ] 

isiiii  Observed  a  spot  on  one  of  the  belts  which  was  permanent  in  its  posi- 
i  U(m.  and  was  observed  to  move  across  the  disk  of  the  planet.     It  contracted  ( 
IS  breadth  as  it  approached  the  edge  of  the  disk ;  a  circumstance  which  ob- 
isly  arose  from  its  being  fore- shortened  by  the  position  in  which  it  was 
i  there  presented  to  the  eye,  that  portion  of  the  surface  of  the  planet  being  seen 
(  very  obliquely,  the  spot  disappeared  at  one  side,  and  after  being  invisible  for  } 
!  a  time  reappeared  at  the  other.     This  spot  continued  to  be  seen  for  more  than  \ 
I  a  year,  and  fully  proved  the  fact  that  Jupiter  completes  his  rotation  on  an 
)  very  slightly  inclined  to  his  orbit  in  nine  hours  and  fifty-six  minutes, 
j      The  alternations  of  light  and  darkness  on  Jupiter  are  therefore  regulated  by  J 
\  intervals  much  shorter  than  those  which  govern  the  days  and  nights  of  the 
i  minor  planets,  and  we  shall  presently  see  that  this  is  a  character  which  prob- 
i  ably  prevails  among  all  the  major  planets.     The  average  interval  of  the  days  ? 
(  and  nights  must  be  a  little  under  five  tenestria!  hours. 

i      This  rapid  motion,  considered  with  reference  to  the  great  magnitude  of  J«-  , 

I  piter,  leads  to  the  inference  that  the  velocity  of  that  part  of  his  surface  which  \ 

's  near  his  equator  must  be  exceedingly  great.     The  circumference  of  Jupiter  5 

it  his  equator  must  be  about  two  hundred  and  seventy  thousand  miles,  and  as 

his  revolves  in  ten  hours,  the  motion  of  any  point  upon  it  must  be  at  the 

(  enormous  rate  of  twenty-seven  thousand  miles  an  hour,  or  a  little  less  than  five 

i  hundred  miles  a  minute.     Thus  it  appears  that  the  velocity  wMch  the  equa- 

j  lorial  regions  have,  in  virtue  of  the  diurnal  motion,  is  very  little  less  than  the 

j  orbitual  motion  of  the  planet  round  the  sun. 

I      This  rapid  diurnal  rotation  would  produce  a  considerable  variation  in  the 
i  weights  of  bodies  at  diflerent  latitudes  on  the  surface  of  Jupiter,  since  the  ( 
J  trifugal  force  near  the  equator  would  counteract  the  weight  in  a  very  sens 
)  manner,  while  toward  the  poles  its  effects  would  cease  to  be  perceptible. 
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The  great  length  of  Jupiter's  year  compared  with  its  rapid  diurnal  rotation, 
J  will  resolve  the  year  into  a  much  greater  number  of  days  than  its  proportional  5 
'ength  compared  with  the  terrestrial  year  would  infer.     While  Jupiter  makes  j 
me  complete  revolution  round  the  sun,  it  will  make  ten  thousand  four  hundred 
ind  seventy  revolutions  on  its  axis.     Such,  therefore,  is  the  number  of  days 
n  Jupiter's  year. 

The  axis  of  Jupiter  is  inclined  to  its  orbit  at  an  angle  of  about  three  degrees,  ' 
md  as  this  inclination  determines  the  limits  of  the  seasons,  it  follows  that  ihere  i 
iian  be  scarcely  any  perceptible  change  of  season  upon  the  planet  during  one  ' 
j  half  of  his  year.     The  sun  will,  during  one  half  year,  gradually  pass  to  three  I 
degrees  north  of  his  equator,  and  during  the  other  half  year  to  three  degrees  J 
Duth  of  it.     The  extreme  change  of  the  sun's  meridional  altitude  would  there- 
ire  not  exceed  six  degrees.     This  perhaps  might  be  sufficient  for  the  purposes  J 
S  of  chronology,  but  could  scarcely  produce  any  effects  on  the  organized  world,  ? 
irwould  the  temperature  of  the  seasons  undergo  any  observable  change.     The  i 
nge  of  the  tropics  would  be  ihree  degrees  on  each  side  of  the  equator  of  the  ( 
i  planet,  and  within  these  regions  the  sun  would  pass  near  the  zenith  daily. 

'"he  sun  would  rise  and  set  daily  throughout  the  year,  to  every  part  of  the 
planet  except  a  small  circle  extending  three  degrees  round  the  poles. 

The  diameter  of  Jupiter  being  eleven  times  that  of  the  earth,  his  surface  will  i 

36  greater  than  that  of  our  planet  in  the  proportion  of  a  hundred  and  twenty  to  J 

\  one,  and  if  the  distribution  of  land  and  water  be  similar,  it  will  afford  acci 

J  modation  for  a  population  a  hundred  and  twenty  times  more  numerous. 

The  actual  bulk  of  the  globe  of  Jupiter,  which  is  the  largest  body  of  the  ( 
J  system  next  to  the  sun,  is  fourteen  hundred  times  greater  than  that  of  the  earth.  > 
'  In  other  words,  to  make  a  globe  equal  to  that  of  Jupiter,  we  should  roll  into  \ 
)  one  fourteen  hundred  globes  like  that  of  the  earth. 


APPEARANCE   OF   JUPITEH. 

The  spectacle  presented  to  the  observer  who  enjoys  the  use  of  a  powerful  } 

I  telescope  by  the  planet  Jupiter,  is  magnificent  indeed.     The  surface  of  the  j 

j  planet  appears  as  large  and  distinct  as  the  full  moon  to  the  naked  eye. 

(  disk  is  marked  with  certain  features  of  light  and  shadow,  which  are  in  general  S 

J  variable.     They  are,  therefore,  produced  by  clouds  floating  in  his  atmospher 

(  the  presence  of  which  is  indeed  rendered  quite  evident  by  the  telescope.     A 

i  though  these  lights  and  shadows  in  general  are  variable,  yet  they  are  found  ( 

o  be  characterized  by  a  certain  regularity  of  arrangement.     Their  stre 

ire  generally  parallel,  as  in  the  annexed  figures,  which  exhibit  views  of  Jupiter  > 

ieen  on  different  occasions.  J 

These  streaks,  which  are  called  the  belts  of  Jupiter,  were  observed  before  ( 

I  the  middle  of  the  17th  century,  and  are  visible  to  telescopes  of  no  very  c 

siderable  power.     They  are  variable  not  only  in  their  breadth  and  form,  but  ? 

in  their  number.     Sometimes  not  more  than  one  can  be  discovered ;  at  other  J 

times  two  or  more,  and  sometimes  as  many  as  eight.     Sometimes  they  have  7 

{  continued  without  sensible  variation  for  nearly  three  months,  and  sometimes  a  j 

V  belt  has  appeared  in  an  hour  or  two.     The  annexed  diagrams  have  been  { 

<  given  by  different  authors  as  representing  the  appearances  of  these  belts  at  ) 

J  different  times.     They  have,  sometimes,  though  rarely,  been  seen  broken  up 

wd  distributed  over  the  whole  surface  of  the  planet  as  represented  in  fig.  D.  ' 

w  taken  at  an  early  period  by  Dr.  Hook.     Fig.  A  is  a  view  ■ 

■   1833.     Fig.  C  is  in  1837.     It  is,  however,  extremely  dif-  ; 

j  ficuit  to  obtain  sketches  of  this  kind  executed  with  tolerable  fidelity.  i 

Mr.  Thomas  Dick  states  that  he  has  had  frequently  an  opportunity  of  view-  | 
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It  is  evident  that  such  a 
aa  the  energy  of  the  caus 
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the  clouds  which  float  upon  onr  atmosphere. 
would  be  more  strongly  marked'in  proportion 
(lucing  it  would  be  increased. 

In  the  case  of  the  earth,  the  surface  at  the  equator  is  moved 
motion  at  the  rate  of  about  a  thousaod  miles  an  hour ;  and  the  si 
seasons  of  the  year,  departs  from  the  equator  on  either  side  to  a  distance  of 
twenty-three  and  a  half  degrees.  If  the  velocity  of  the  surface  of  the  equator 
were  lo  become  ten  or  twenty  times  greater,  and  the  sun,  instead  of  departing 
from  it  twenty-three  degrees,  were  constantly  vertical  to  it,  then  we  might  ex- 
pect to  have  atmospheric  currents  parallel  to  the  line  much  more  energetic, 
constant,  and  regular. 

But  in  the  case  of  Jupiter^  it  will  be  easily  seen  that  the  causes  producing 
such  currents  are  far  more  energetic  than  on  the  earth.  Instead  of  revolving 
in  twenty-four  hours,  Jupiter  revolves  in  ten  hours.  If,  then,  the  globe  of  Ju- 
piter were  equal  to  that  of  the  earth,  the  velocity  of  his  surface  at  the  line 
would  be  greater  than  in  the  case  of  the  earth  in  the  proportion  of  two  and  a 
half  lo  one.  The  velocity  of  his  surface  would,  in  fact,  be  about  two  thousand 
five  hundred  miles  an  hour.  But  the  diameter  of  Jupiter,  and  therefore  also 
the  circumference,  is  eleven  times  greater  than  that  of  the  earth  ;  and  there- 
fore, on  that  account  alone,  even  though  he  revolved  in  the  same  time,  the  ve- 
locity of  his  Surface  would  be  eleven  times  greater  than  that  of  the  earth. 
From  these  two  causes  combined,  it  follows  that  the  velocity  of  Uie  surface  of 
Jupiter  at  tho  eipialoi'  is  about  twenty-seven  and  a  half  times  greater  than  that 
of  the  earth,  and  is;  in  fact,  twenty-seven  thousand  five  hundred  miles  an  hour. 

It  is  evident,  then,  that  the  velocity  of  the  surface  of  Jupiter  produced  by  his 
diurnal  revolution  being  nearly  twenty-eight  times  greater  than  that  of  the  earth, 
and  the  sun  appearing  always  vertical  lo  his  equator,  or  nearly  so,  the  causes 
which  produce  a  system  of  atmospheric  currents  parallel  lo  his  equator,  act 
with  infinitely  more  energy  than  upon  the  earlh.  We  accordingly  see  the 
effects  of  such  currents  exhibited  in  the  decided  arrangements  of  the  strata  of 
his  clouds  parallel  to  his  equator.  Thus  we  see  that  there  prevail  in  Jupiter 
atmospheric  currents  similar  to  those  which  prevail  on  the  earth,  blowing 
constantly  from  east  to  west  in  some  latitudes,  and  from  west  to  east  in  othersf 
As  we  cannot  doubt  ihat  ihey  were  intended  to  fulfil  that  purpose  in  the  aocial 
intercourse  of  the  people  of  the  globe  which  they  actually  do  fulfill,  we.  are 
supplied  with  one  analogy  more  to  support  the  conclusion  that  the  plai^eta  are 
inhabited  globes  like  the  earth. 

Annexed  are  two  views  of  Jupiter,  showing  the  appearance  of  the  belts, 
taken  from  original  drawings  by  Madler,  made  from  observations  taken  so  re- 
cently aa  1841. 
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ea«h,  the  apparent  diameter  of  the  sun  aa  seen  from  Jupiter  will  be  one  fifth 
of  its  apparent  diameter  from  the  earth.  It  will,  therefore,  measurs  about  six 
minutes,  since  the  diameter  of  the  earth  measures  about  thirty  minutes.  The 
apparent  magnitude  of  the  sun  as  we  see  it,  is  very  nearly  that  which  a  cent 
piece  would  have  if  seen  at  the  distance  of  one  hundred  and  twenty  feet  from 
the  eye.  The  apparent  magnitude  of  the  sun  as  sgen  from  Jupiter  would  then 
be  the  same,  or  nearly  so,  as  that  of  a  cent  piece  seen  at  six  hundred  feet  dia- 

It  is  proved  in  those  branches  of  physics  in  which  the  laws  of  heat  and 
light  are  developed,  that  the  density  of  these  principles  is  diminished  in  pro- 
portion as  the  square  of  the  distance  from  the  body  from  which  they  emanate 
is  increased.  It  follows,  therefore,  that  the  heat  and  light  of  the  sun  at  Jupiter 
will  be  about  twenty-five  times  less  than  at  the  earth. 

Jupiter's  satelmtes. 

When  Galileo  directed  ihe  first  telescope  to  the  examination  of  Jupiter,  he  [ 
J  observed  four  minute  stars,  which  appeared  in  the  line  of  the  equator  of  the 
5  planet.  He  took  these  at  first  to  be  fixed  stars  ;  but  he  was  soon  undeceived, 
j  He  saw  them  alternately  approach  and  recede  from  the  planet.  He  observed 
(  them  pass  behind  it  and  before  it ;  and,  in  fact,  to  oscillate,  as  it  were,  to  the 
j  right  and  the  left  of  the  planet,  to  certain  limited  distances ;  each  of  the  four 
I  stars  receding  to  equal  distances  east  and  west  of  the  planet.  He  soon  arrived 
it  the  obvious  conclusion  that  these  objects  were  not  fixed  stars,  but  that  they 
vers  bodies  which  revolved  round  Jupiter  in  circular  orbits,  at  limited  dis- 
ancea  ;  and  that  each  successive  body  included  the  orbit  of  the  others  within 
\  it.  In  short,  that  they  formed  a  miniature  of  the  solar  system,  in  which,  bow- 
er, Jupiter  himself  played  the  part  of  the  sun.  As  the  telescope  improved, 
{  it  became  apparent  that  these  bodies  were  small  globes,  related  to  Jupiter  in 
j  the  same  manner  exactly  as  the  moon  is  reialeil  to  the  earth ;  that,  in  fine,  they 
j  were  a  cortege  of  four  moons,  attending  Jupiter  round  the  sun 
I  manner,  and  subserving  the  same  purpose,  as  our  moon  does  in 
{  the  earth. 

Thus,  then,  it  seems  that  the  population  gf  Jupiter  are  favored  by  four  moons 
n  their  firmament.  Since  the  examination  of  the  motion  of  these  bodies  has 
leen  canied  to  a  greater  extent  of  accuracy,  it  has  been  found  that  there  is  a 
\  singular  law  prevailing  among  their  motions,  in  virtue  of  which  it  is  impossible 
(  that  the  four  satellites  can  ever  be  at  the  same  time  on  the  same  side  of  Jupiter ; 
,  at  least,  must  be  on  the  contrary  side  from  the  other  three.  Thus  it  fol- 
}  lows  that  there  must  always  be  one  moon  full,  or  nearly  so ;  for  if  three  of  the 
}  four  satellites  be  on  the  same  side  of  Jupiter  with  the  sun,  and  therefore  in 
}  the  condition  of  new  or  waning  raoons,  the  fourth  must  be  on  the  opposite  aide, 
}  and  therefore  nearly  a  full  moon. 

'  But,  connected  with  these  appendages  to  Jupiter,  there  is  perhaps  nothing 
j  more  remarkable  than  the  period  of  their  revolutions  round  him.  That  moon 
J  which  is  nearest  to  Jupiter  completes  its  revolution  in  forty-two  hours.  In  that 
j  brief  space  of  time  it  goes  through  all  its  various  phases  ;  it  is  a  thin  crescent ; 
I  it  is  halved,  gibbous,  and  foil.  It  must  be  remembered,  however,  that  the  day 
j  of  Jupiter,  instead  of  being  twenty-four  hours,  is  about  ten  nours.  This  moon, 
}  therefore,  has  a  month  equal  to  a  little  more  than  four  of  Jupiter's  days.  In 
5  each  day  it  passes  through  one  complete  quarter ;  thus  the  first  day  of  the 
j  month  it  passes  from  the  thinnest  crescent  to  the  half  moon ;  in  the  second  day, 
j  from  the  half  moon  to  the  full  moon  ;  on  the  third  day,  from  the  full  moon  to 
i  flie  last  quarter ;  and  on  the  fourth  day  returns  to  conjunction  with  the  sun. 
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So  rapid  are  these  changes  that  we  can  conceive  the  gradual  changes  of  the 
phases  of  ijie  moon  to  be  actually  visible  as  they  proceed.  The  next  aatelUte 
makes  its  complete  revolution  in  about  eighty-five  horns,  or  in  about  eight  of  Ju- 
piter's days  and  a  half.  Such  is  the  month  of  the  second  satellite.  The  third 
satellite  completes  his  revolution  in  one  hundred  and  seventy  hours,  or  in  about 
seventeen  days  of  Jupiter.  ^  The  fourth  and  most  distant  satellite,  requires  about 
four  hundred  hours,  to  complete  its  revolution,,  and  therefore  has  a  month  of 
about  forty  of  Jupiter's  days. 

It  appears,  then,  that  upon  Jupitej  there  are  four  different  mon^s,  correspond- 
ing to  the  four  different  moons  ;  one  of  about  four  days'  duration,  another  about 
eight  days,  a  third  about  seventeen  days,  and  the  fourth  about  forty  days.  What 
a  complicated  system  of  reckoning  lime  is  thus  supplied ! 

The  magnitude  of  the  nearest  of  Jupiter's  moons  is  about  a  quarter  greater 
than  that  of  our  ov^n ;  that  of  the  second  is  equal  to  ours  ;  the  diameter  of  the 
third,  however,  is  nearly  double  to  that  of  our  moon,  and  it  is  nearly  equal  to  the 
planet  Mercury ;  the  diameter  of  the  fourth  satellite  is  about  one  half  greater 
than  that  of  our  moon. 

The  distance  of  the  nearest  moon  from  the  surface  of  Jupiter  is  somewhat 
less  than  the  distance  of  ours  from  the  surface  of  the  earth.  Its  apparent  mag- 
nitude, therefore,  seen  from  Jupiter,  will  be  greater  than  ours.  The  distance 
of  the  second  moon  from  Jupiter  is  about  one  half  greater  than  the  distance  of 
our  moon,  and  as  its  diameter  is  nearly  equal  to  that  of  our  moon,  its  apparent 
magnitude  will  be  proportionally  less.  The  distance  of  the  third  moon  is 
more  than  double  the  distance  of  ours,  but  as  its  magnitude  is  a  little  less  than 
double,  its  appearance  to  the  inhabitants  of  Jupiter  will  be  nearly  the  same  as 
that  of  ours.     The  appearance  of  the  fourth  moon  will  be  somewhat  less. 

Thus  it  appears  that  the  four  moons  which  attend  Jupiter  vary  very  little 
in  the  apparent  magnitude  they  present  to  its  inhabitants  from  that  which  ours 
presents  to  the  inhabitants  of  the  earth. 

One  of  the  peculiarities  in  the  motion  of  our  moon  which  distinguishes  it 
in  a  remarkable  manner  from  the  planets,  is  its  revolution  upon  its  axis.  It 
will  be  remembered,  that  the  planets  generally  rotate  on  their  axes  in  times 
somewhat  analogous  to  that  of  the  earth.  Now,  on  the  contrary,  the  moon  re- 
volves on  its  axis  in  the  same  time  that  it  takes  to  revolve  round  the  earth  ;  in 
consequence  of  which  adjustment  of  its  motions  it  turns  the  same  hemisphere 
continually  toward  the  earth.  It  would  seem  that  this  is  a  general  character- 
istic of  all  satellites ;  for  the  observations  of  Sir  William  Herschel  on  those 
of  Jupiter,  show  that  the  same  motion  prevails  among  them ;  that  they,  as 
they  revolve  round  their  primary,  turn  constantly  the  same  hemisphere  toward 
Jupiter. 

The  globe  of  Jupiter,  though  of  considerable  magnitude,  is  small  compared 
with  that  of  the  sun.  In  consequence  of  this,  it  throws  in  the  direction  oppo- 
site to  that  of  the  sun  a  conical  shadow  of  considerable  length,  the  thickness  of 
which,  at  Jupiter,  is  equal  to  the  diameter  of  the  planet,  but  which  diminishes  until 
it  is  reduced  to  a  point  in  receding  from  Jupiter.  As  the  satellites  move  round 
Jupiier,  in  the  plane  of  his  equator,  and  as  the  plane  of  his  equator  is  very 
nearly  coincident  with  that  of  his  orbit  round  the  sun,  it  follows  that  the  satel- 
lites, every  revolution,  as  they  pass  behind  him,  must  move  through  his  shadow. 
The  only  exception  to  this  is  presented  by  the  fourth,  or  most  distant  satellite, 
which,  owing  to  its  groat  distance  from  the  planet,  and  the  obliquity  of  its  ', 
orbit,  sometimes,  in  passing  behind  the  planet,  goes  above  or  below  its  shadow.  ' 
When  the  satellites  get  into  the  shadow  of  Jupiter  they  become  invisible  to  us  ;  ! 
and  hence  we  know  that  they  are  opaque  bodies,  which  shine,  like  the  moon,  ' 
by  the  reflected  light  of  the  sun.     All  the  circumstances  connected  with  their 
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J  eclipses  are  visible  to  ua.     We  see  them  enter  the  shadow  and  leave  it,  and  we 
stimate  the  duration  of  each  echpse,  and  observe  exactly  its  beginning  and 
ig.     These  eclipses,  as  we  shall  show  on  another  occasion,  have  been  in- 
f  slrumenlal,  not  only  to  useful  purposes  in  art,  but  also  to  great  discoveries  in 
S  science.     It  is  by  them,  among  other  means,  that  the  longitude  of  places  on 
J  the  surface  of  the  earth  is  determined  ;  but  by  far  the  most  important  discovery  { 
lected  with  these  bodies,  is  that  of  the  motion  and  velocity  of  light.     How  I 
was  accomplished  we  shall  also  explain  on  another  occasion.     It  was  } 
vn,  however,  by  these  means,  that  the  velocity  of  reflected  light  was  the  J 
e  as  that  of  direct  light. 


Beyond  the  orbit  of  Jupiter,  a  space  equal  in  extent  to  the  distance  of  Jupi- 
(  ter  from  the  sun,  is  unoccupied  by  any  planetary  body.  At  a  distance  little  j 
J  short  of  a  thousand  millions  of  miles  from  the  sun,  the  Satuhnian  System 
(  revolves,  in  a  period  of  twenty-nine  years  and  a  half,  consisting  of  a  globe  little 
j  less  than  Jupiter,  begirt  with  two  (and  probably  more)  stupendous  rings,  and  a 
jortege  of  no  less  than  seven  moons. 

The  diameter  of  Saturn  is  eighty  thousand  miles,  and  its  bulk  is,  conse- 
j  quently,  a  thousand  times  greater  than  that  of  the  earth. 


The  distance  of  Salurn  is  so  great  that  it  requires  the  most  powerful  tele- 
scopes to  reniler  the  marks  on  his  disk  visible,  so  as  to  discover  his  diurnal  J 
motion.     From  purely  theoretical  views,  Laplace  conjectured  that  it  was  pe 
formed  in  about  ten  hours.     Sir  William  Herschel,  by  the  aid  of  the  large  ii 
struments  constructed  by  him,  inferred  that  it  revolves  in  ten  hours,  sixteen  } 
minutes,  and  nineteen  seconds.     Sir  John  Herschel  estima'tes  the  time  of  its  } 
rotation  to  be  ten  hours,  twenty-nine  minutes,  and  seventeen  seconds. 

The  axis  on  which  it  turns  is,  like  that  of  Jupiter,  at  right  angles  to  the  di- 
rection of  the  belts,  but  unlike  Jupiter,  Satum  inclines  his  axis  to  th^lane  of 
his  orbit  in  a  manner  similar  to  the  earth  and  Mars.  The  consequence  of  this 
arrangement  is  that  the  year  of  Salurn  is  varied  by  the  same  succession  of 
seasons  subject  to  the  same  range  of  temperature  as  those  which  prevail  on  our 

The  alternation  of  light  and  darkness  is  the  same  as  upon  Jupiter.     This  y 
rapid  return  of  day,  after  an  interval  of  five  hours  n'gh  m 

character  of  a  law  among  the  major  planets,  as  the  n 
tainly  does  among  the  minor  planets. 

The  year  of  Saturn  is  equal  in  duration  to  10    59 
258,193  hours.     But  as  the  rotation  of  the  planet  i       mp       d 
hours  and  a  half,  the  number  of  Salurnian  days  in    h    p    n        y 
24,592. 

The  distance  of  Satum  from  the  sun  being  ab  m 

earth,  the  sun's  apparent  diameter  at  that  planet  w  U  b  n 

in  a  like  proportion.     If  in  the  annexed  figure  E      p       n    h      pp 
the  sun  at  the  earth,  S  will  exhibit  its  appearance  a  S    urn 
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tlioTisand  miles.  More  recent  observations  made  by  Sir  William  Herscliel 
establish  tKe  fact  that  this  ting  is  not,  as  was  first  supposed,  a  single  annular 
plate  of  matter,  but  has  a  division  by  which  it  is  separated  into  two  indepen- 
dent rings,  one  outside  the  other,  which  have  no  mutual  point  of  contact  or 
connexion.  This  separation  appeared  at  first,  as  a  dark  streak  upon  the  surface 
of  the  ting  running  parallel  to  its  edges.  Sir  William  Herschel,  however, 
succeeded  in  seeing  stars  which  were  behind  the  ring  through  this  apparent 
streak,  and  consequently  arrived  at  the  conclusion  that  it  was  an  opening  or 
separation  between  two  independent  rings.  It  was  found  also  that  the  sur- 
face of  the  ring  was  marked  by  parallel  streaks  or  bands,  like  the  belts  of  the 
pianel. 

Very  recent  observations  made  at  Rome  upoa  this  planet,  appear  tocounten- 
ance  the  supposition  that  the  ring,  instead  of  being  double,  is  quintuple,  and 
that  there  are  four  divisions  instead  of  one,  as  supposed  by  Sir  William  Her- 
schel. It  is  even  said  that  six  divisions  have  been  observed,  and  therefore 
there  are  seven  independent  rings,  one  within  another,  all  being  concentric 
with  the  planet  and  in  the  plane  of  its  equator. 

One  of  the  most  strikmg  discoveries  of  Sir  William  Herschel  respecting 
Saturn,  was  the  revolution  of  the  rings  around  the  planet.  He  found  that  they 
revolve  round  their  own  centre  and  that  of  the  planet  in  their  own  plane,  and 
that  they  complete  a  revolution  in  the  same  time  that  a  satellite  would  revolve 
in,  at  the  same  distance.  Their  motion,  therefore,  is  conformable  to  the  laws 
of  gravitation  which  would  govern  that  of  satellites  or  moons  The  dimensions 
of  the  rings,  as  observed  by  &ir  William  Herschel,  are  as  loilows  — 


Exterior  diameter  of  exterior  nng 
Interior  diameter  of  exterior  nng 
Breadtli  of  exterior  riuR 
Exterior  diameter  of  interior  nng 
Interior  diameter  of  interior  ring 
Breadth  of  the  interior  ring 
Equatorial  diameter  ot  the  planet 
Interval  between  tlie  planet  and  the  in 
Interval  ol"  the  ringa 
Thiekness  of  the  rinijs  not  esceeding 


176,418 
155,272 
KpTi 
I51,6<H) 
117,339 
17,175 
79,lbO 
1^,0<)0 
i,7qi 
100 


tt  appears  then  that  the  thickness  of  the  rings  is  incomparabl)  smaller  than  ) 
their  breadth ;  the  thickness  being  not  more  than  the  three  hundredth  part  of  J 
the  breadth.  ( 

One  of  the  circumstances  attending  the  contemplation  of  the  planet  Saturn  J 
which  excites  most  surprise,  is  the  fact  that  the  planet  and  the  two  rings  should  J 
be  capable  of  maintaining  their  relative  position  with  the  prodigious  velocity  \ 
with  which  they  move  round  the  sun,  without  either  overtaking  the  other  or  ) 
any  collision  taking  place.  Let  it  be  remembered  that  the  cucumference  of  J 
Saturn's  orbit  round  the  sun  measures  about  six  thousand  millions  of  miles 
that  the  planet  completes  this  circuit  in  less  than  thirty  years,  so  that  he  n 
at  the  rate  of  about  seven  millions  and  three  quarter  miles  per  day,  or 
hundred  and  twenty-five  thousand  miles  an  hour.  This  is  a  velocity  six 
dred  and  fifty  times  greater  than  that  of  a  cannon-ball.  Yet  with  this  prodigious  } 
celerity  of  motion  continued  for  countless  ages  neither  of  the  rings  has  ever  J 
overtaken  the  planet  or  the  planet  overtaken  them  and  still  more  wonderful  i 
the  two  rings,  separated  only  by  a  space  of  about  eighteen  hunlred  miles  j 
which  they  would  move  over  with  their  orbilual  motion  m  about  three  n 
have  never  overtaken  each  other.  Thii  astonishing  precision  of  n 
would  become  still^hore  surprising  if  it  be  true  as  it  i^  suspected  ti 
there  are  five  or  more  independent  rings   one  included  within  the  other 
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This  apparent  mysteiy  has  however  been  moat  clearly  and  beautifully  ex 
plained  by  Biot,  to  whom  the  happy  idea  oeo.,rred  that  the  rings  eould  hi 
brought  under  the  same  laws  of  motion  as  moons.  To  make  this  exnianaiior 
dearly  understood  let  us  first  imagine  a  globe  like  the  moon  moring  p.riod- 
leally  round  the  planet  like  the  earth.  The  manner  in  which  the  attraction  of 
grantaaon  combined  with  centrifugal  force  causes  it  to  keep  revolring  round 
the  earth  without  falling  down  upon  it  by  its  gravity  on  the  one  hand  or 
receding  indefimlely  from  it  by  the  eentriliigal  force  on  the  other  is  iell 
understood.  In  virtue  of  the  equality  of  these  forces,  the  moon  keeps  con- 
tinually at  the  same  disUnce  from  the  earth  while  it  accompanies  the  earth 
round  the  sun  Now  it  would  be  easy  to  suppose  another  moon  revolving  by 
the  same  law  of  attraction  at  the  same  distance  from  the  earth.  It  would  re- 
volve  in  the  same  time,  and  with  the  same  velocity,  as  the  first.  We  may  ex- 
lend  the  supposition  with  equal  facihty  to  three,  four,  or  a  hundred  moois,  at 
the  same  distance.  Nay,  we  may  suppose  as  many  moons  placed  at  the  same 
distance  round  the  earth  as  would  complete  the  circle,  so  as  to  form  a  ring  of 
moons  touching  each  other.  They  would  still  move  in  the  mame  manner  and 
with  the  same  velocity  as  the  single  moon.  Nor  will  the  eitcumstances  be 
iJloted  if  this  „ng  of  moons  bo  supposed  to  bo  beaten  out  into  a  thin  flat  ring 
like  those  of  Saturn.  It  is  plain,  then,  that  if  the  ring  of  Saturn  revolve  in  its 
own  plane  round  the  planet  in  the  same  time  as  that  in  -hich  a  single  satellite 
placed  at  the  same  distance  would  revolve,  the  siabilily  of  the  ring  with  refer- 
ence to  the  planet  is  explicable  exacUy  upon  the  same  prinoiples  as  those  by 
which  wo  oxplam  the  motion  of  a  satellite.  But  Sit  William  Herschel,  a,  hai 
been  already  stated,  discovered  the  important  fact  that  the  tings  do  move  round 
their  own  centre  and  that  of  the  planet  in  the  same  time  that  a  satellite  placed 
at  the  same  distance  would  do.  Biot,  therefore,  haa,  with  a  happy  adroitness, 
adopted  this  as  the  key  to  the  explanation  of  the  stability  of  the  ring 

The  following  observations  of  Sir  John  Herschel  on  the  rin™  indicated 

another  cause  of  their  stability ; . 

Althongh  the  tings  are,  as  we  have  said,  very  nearly  concentric  with  the 
body  ol  balum,  yet  recent  mierometical  measurementa  of  extreme  delicacy  have 
demonstrated  that  the  coincidence  is  not  mathematically  exact  but  that  the 
centre  of  gravity  of  the  rings  oscillates  round  that  of  the  body  describing  a 
very  minute  orbit,  probably  under  laws  of  much  complexity.  Trifling  as  tliit 
remark  may  appear,  ,t  is  of  the  utmost  importance  to  the  stability  of  the  sys- 
tem of  the  rmgs.  Supposing  them  mathematically  perfect  in  their  circular 
form,  and  exactly  concentric  with  the  planet,  it  is  demonstrable  that  they  would 
form  (10  spite  of  their  centrifugd  force)  a  system  in  a  state  of  unUabl.  .milib- 
nnm,  which  the  slightest  external  power  would  subvert— not  by  causing  a  run. 
turn  m  the  substance  of  the  rings-hut  by  precipitating  them,  u^,k„,  on  the 
surface  of  the  planet.  For  the  attraction  of  such  a  ring  or  rings  on  a  point  oi 
sphere  eccentrically  situate  within  them,  is  not  the  same  in  iU  directions  but 
tends  to  draw  the  pomt  or  sphere  mward  the  nearest  part  of  ^e  ring  or  away 
froin  the  centre.  Hence,  supposing  the  body  to  become,  from  any  cause  ever 
so  little  eceenttic  to  the  ring,  the  tendency  of  their  mutual  gravity  is  not  to 
correc;  but  to  increase  this  eccentricity,  and  to  briog  the  nearest  parts  of  them 
together.  Now,  external  powers,  capable  of  producing  such  eccentricity  exist 
in  the  attractions  of  the  satellites  1  and  in  order  that  the  system  may  be  sloM,  I 
and  possess  withm  itself  a  power  of  resisting  the  first  inroads  of  such  a  ton 
dency,  while  yet  nascent  and  feeble,  and  opposing  them  by  an  opposite  o 
maintaining  power,  it  has  been  shown  that  it  is  suflicient  to  admit  the  rings  to  , 
be  (MtfcJ  m  some  part  of  their  circumference,  either  by  aoA  minute  inequality 
ot  thickness,  or  by  some  ponions  being  denser  than  othens.     Such  a  load  J 
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j  would  give  to  the  whole  ring  to  which  it  was  attached  somewhat  of  the  charac- 
}  tcr  of  a  heavy  and  sluggish  satellite,  maintaining  itself  in  an  orbit  with  a  cer- 
J  tain  energy  sufficient  lo  overcome  minute  causes  of  disturbance,  and  establish  I 
)  an  average  beariog  on  its  centre.     Bui  even  without  supposing  the  existence 
j  of  any  such  load — of  which,  aftei  all,  we  have  no  proof— and  granting,  there- 
its  full  extent,  the  genera!  instability  of  the  equilibrium,  we  think  we 
i  perceive,  in  the  periodicity  of  all  the  causes  of  disturbance,  a  sufficient  guar- 
\  antee  of  its  preservation.     However  homely  be  the  illustration,  we  can  c 
e  nothing  more  apt  in  every  way  to  give  a  general  conception  of  this  mi 
(  tenance  of  equilibrium  under  a  constant  tendency  to  subversion,  than  the  mode  ( 
which  a  practised  hand  will  sustain  a  long  pole  in  a  perpendicular  position  5 
iting  on  the  finger,  by  a  continual  and  almost  imperceptible  variation  of  the  J 
J  point  of  support.     Be  that,  however,  as  it  may,  the  observed  oscillation  of  the  J 
I  centres  of  the  rings  about  that  of  the  planet  is  in  ilself  the  evidence  of  a  per-  J 
i  petual  contest  between  conservative  and  destructive  powers — both  extremely  { 
(  feeble,  but  so  antagonizing  one  another,  as  to  prevent  the  latter  from  ever 
J  quiring  an  uncontrollable  ascendency,  and  rushing  to  a  catastrophe. 

e  the  plane  of  the  rings  coincides  with  that  of  Saturn's  equator,  and  since  j 

I  is  during  one  half  of  Saturn's  year  north,  and  during  the  other  half  south  j 

I  of  his  equator,  it  follows  that  the  northern  side  of  the  ring  is  illuminated,  and  the  J 

)  southern  side  dark,  during  the  summer  half  year  of  his  northern  hemispher 

j  and  that  the  southern  side  is  illuminated  and  the  northern  side  dark  during  the  1 

inter  half  year  of  his  northern  hemisphere.     At  his  equinoxes  the  edge  of  ( 

B.  ring  is  presented  to  the  sun,  and  neither  side  of  it  is  illuminated.     Since  i 

>  thebolf  year  of  Saturn  is  equal  to  fifteen  terrestrial  years,  it  follows  that  the  < 


J  nordiem  and  southern  s 
)  during  intervals  of  fiftee    j 

Tt  is  evident  that  th 

1  and  earth  ; 


f  h 


ly  Uuminated  by  the  s 


1)  h 


the  earth  when  the  J 
r.     From  the  great  1 
earth,  this  must 
hould  be  at  opposite  J 

d  that  its  edge  is  di- 

K  11  be  the  case  for  a 

s  to  say,  a  little  be- 


J  magnitude  of  Saturn's      b         mp      d       h    1         f 
j  generally  the  case.     In     d       h       h  d         h 

(  aides  of  the  plane  of  the       g    h     pi        m       b         pi 
j  rected  to  some  point  be  h  d        h      Th 

j  short  time  before  and  af  d  1        li  1 

)  fore  and  after  Saturn's    q 

J       If  we  suppose  iwo  li       to     h    g  h  h  1 

>  line  of  nodes  of  Saturn's       g        b    dra  d 

I  Saturn,  it  will  be  only  wh      S  b    w  h 

/  sun  can  be  at  different     1       f  h        g      Th       1        ' 
J  the  orbit  of  Saturn  equ  1         h    d  f  h        b 

S  Saturn  will  move  over  a     h       p  h     p       d     1 

J  one  year,  it  follows  tha     h  d         h  m       b 

S  of  Saturn's  ring,  excep    f  h     b  f  d 

'  Saturn's  equinoxes,  at  \  h    h    m  y  happei 

'le  on  opposite  sides  of  h    nng 

Saturn's  rings  may  b      m     n      bl    from  the  earth  by  any  of  three  causes. 

1..  When  the  edge  of  the  rmgs  be  presented  to  the  sun,  the  edge  being  then 

J  the  only  illuminated  part,  and  being  too  thin  to  be  seen  even  by  telescopes  at 

0  great  a  distance,  the  ring  is  invisible.     This  will  happen  once  every  fitieen 

2,  When  the  edge  of  the  ring  is  presented  to  the  earth,  it  is  invisible  be- 
lanse  of  its  minuteness  and  distance.     This  will  happen  once  every  fifteen  years. 

3.  When  the  sun  and  earth  are  on  opposite  sides  of  the  ring.     This  will 
!  also  happen  once  every  fifteen  years. 


1     h  t,  and  parallel  to 
d  in  both  directions  to  j 
1       1    es  that  the  earth  and 
w  11  include  a  length  of 
b       t  the  earth,  and  since 
1         se  round  the  sun  in 
b       I    nys  at  the  same  side 
d         months  after  each  of  J 
that  the  sun  and  earth  may  ) 
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J       Except  therefore  foT  an  interval  of  a  few  months  every  fifteen  years,  the 
J  rings  of  Saturn  are  always  in  a  position  to  be  seen  from  the  earth.     These  cir- 
(  cuinstances  occur  when  the  planet  passes  through  the  twentieth  degrees  of  the   J 
5  signs  Virgo  and  Pisces.     They  took  place  in  the  year  lBa2-'33,  a  d    "11       u 
J  again  in  1847-'48. 

The  angle  at  which  the  plane  of  the  rings  is  inclined  to  that  of  h  1  p 
{  being  about  30^,  the  rings  must  always  be  seen  obliquely  from  the  rt!  mo 
>  or  1^8  so,  as  the  earth  is  more  or  less  distant  from  the  plane  of  th  n  b 
I  the  obliquity  of  the  view  can  never  be  less  than  30°.  Now,  s  n  a  ! 
n  obliquely  is  always  foreshortened  into  an  oval,  the  app  n  f 
S  the  rings,  even  in  the  most  favorable  position  must  be  elliptical.  If  a  lb 
/  viewed  at  an  angle  of  30°,  it  will  be  seen  as  an  ellipse  whose  le  ax 

S  half  its  greater.     Such  is  the  form  of  the  ring  as  seen  at  inter    I  n 

J  years  and  a  half  from  Saturn's  equinoxes,  or  when  the  planet  is        1        g 
J  Scorpio  and  Gemini,  which  lakes  place  at  the  middle  of  the  inte      1      f  1 
)  disappearances  of  the  rings.     This  occurred  last  in  1839-'40,  and       11 
J  again  in  1854-55.     Between  the  epochs  at  which  the  ring  is  m 

)  open  state,  and  the  times  of  its  disappearances  it  undergoes  al!  the  intermedi- 

iie  phases. 
In  the  annexed  figures  the  appearances  it  presented  between  1832  and  1840  < 

ire  given  from  the  observations  of  William  Dick. 
In  October,  November,  and  December,  1832,  the  ring  appeared  as  in 
<  In  the  beginning  of  January,  it  appeared  like  a  pure  thread  of  light  on 
)  side  of  the  planet  as  in  fig.  3.     It  began  to  appear  a  little  larger  during  the  { 
i  months  of  January,  February,  and  March,  1833 ;  hut  in  April  it  again  disap- 
/  peared  as  the  earth  was  then  in  the  plane  of  the  ring,  and  it  continued  invisible  s 

jil  near  the  end  of  June  ;  after  which  it  agaio  appeared  as  represented  in  .■■ 

I.     In  about  a  year  after  its  second  disappearance,  it  appeared  as  in  fig.  3,  ; 

i  year  and  a  half  afterward  was  seen  as  in  fig.  4.     In  1837  it  appeared  a 
(  in  fig.  5,  and  finally  assumed  its  most  open  form,  as  represented  in  fig.  6. 

FriJm  1838  to  1847,  the  ring  gradually  passes  through  similar  phases  i: 
)  contrary  order. 


SATELLITES   OF   SATORN 


h  powerful  telescopes,  it  is  found  to  be  attended  by  } 

milar  in  all  respects  to  the  satellites  of  Jupiter,  ' 

b  r.     These  revolve  nearly  in  the  plane  of  the  r' 

rh     imes  of  revolution  are  sucff  as  to  present  varii 

■p  to  the  inhabitants  of  the  planet.     The  near 

pi        revolution  in  23^  hours,  which  is  equivalent  t 
rn     d  y       This  _moon,  therefore,  exhibits  all  its  v 

m        It  passes  from  the  crescent  to  the  first  quarter  { 
'^  d  ys  ;  from  the  first  quarter  to  the  full  moon  ' 

f  m  h  f  11  to  the  new  moon  in  another  half  day ;  so  rapid  J 
f  ph  s.  The  next  in  the  order  of  distance,  makes  its  c 
y  1         h  urs,  or  in  about  three  of  Saturn's  days,  which  ) 

rt  f  nth  ;  within  which  it  passes  through  all  its 
h  d  I  'es  in  forty-five  hours,  or  aboui  four  of  Saturn's 
n  seventy-five  hours,  or  about  seven  and  a  half  of  Saturn's 
one  hundred  and  eight  hours,  or  nearly  eleven  of  Saturn's 
about  three  hundred  and  eighty  hours,  or  in  about  thirty- 
days  ;  the  seventh  in  about  nineteen  hundred  hours,  o 
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)  hundred  and  eigbty  of  Saturn's  days.     Such  are  the  Beven  different  months  c 

J  prevalent  upon  Saturn.  ' 

The  magnitudes  of  the  satellites  of  Saturn  have  not  been  certainly  ascer-  ■ 

tained  ;  their  distances  from  the  earth  are  too  great  to  enable  vts  hitherto,  ac-  | 

tually  to  measure  their  diameters.  ' 

Sir  John  Hersche!  estimates  the  diameter  of  the  most  remote  satellite  to  be  | 

liltie  less  than  that  of  Mars,  which  is  4,200  miles.     The  nest  to  it  cannot  be  i 

f  much  less,  being  the  most  conspicuous  in  its  appearance.     As  to  the  magni-  ) 

udes  of  the  four  minor  satellites,  we  are  left  to  conjecture. 

It  is  usual  to  designate  these  bodies  in  the  order  of  their  discovery,  and  not  ) 

n  the  order  of  their  distances  from  Saturn.     If  the  following  figures  represent  ( 

he  succession  of  their  distances,  the  order  of  their  discovery  is  that  expressed  j 

t  above  ihe  figures  respectively : — 

Seventh,       Sisih,       First,       Second,      Third,      Fourth,       Fifth. 


The  distance  of  the  nearest  satellite  from  the  surface  of  Saturn  does  n 
:eed  80,000  miles,  a  space  equal  to  one  diameter  of  the  planet.     Its  distance  > 
leyond  the  edge  of  the  ring  is  only  18,000  miles. 

This  moon  completes  its  revolution  round  Saturn  in  32J  hours,  or  a  little  ) 
nore  than  two  Salurnian  days.     In  one  of  the  planet's  days  it  passes  therefore  J 
i  from  new  to  full  moon,  and  in  the  next  from  full  to  new  moon.     Its  change  of  j 
(  phase  from  hour  to  hour  must  be  distinctly  perceivable- 
It  is  probable,  from  analogy,  that  its  magnitude  is  greater  than  that  of  oui 
noon,  and  since  its  distance  from  the  surface  of  Saturn  is  three  times  less  thar 
j  that  of  our  moon,  its  apparent  diameter  at  Saturn  must  be  more  than  three  > 
J  times  greater.     It  will  Uierefore  appear  with  a  disk  at  least  ten  times  as  great  J 
IS  that  of  our  moon.  ) 

The  next  moon  is  at  a  distance  of  160,000  miles  from  the  centre,  and  120,000  J 
niles  from  the  surface  of  Saturn,  which  being  half  the  distance  of  our  t 
j  from  the  earth,  shows  thai  if,  as  is  probable,  this  satellite  be  equal  in  magnitude  t 
)n,  it  will  appear  with  a  disk  four  times  as  great.     It  complet 


<  revolution  i 
The  moo 
I  and  160,000  f   i 
}  times  large     h 
j  of  Saturn's  d  j 


f  S      m'    d  y       ithin  which  time  it  exhibits  all  its  phas 
distance  of  300,000  miles  from  the  ceii 
f  h    planet.     It  appears  a  little  less  than  four  J 
d  g       through  all  its  phases  in  less  than  five 


\  220,000  mil 

J  urn  than  our  moon  does 


d  of  360,000  miles  from  the  centre  a 

f       turn,  and  therefore  appears  larger  at  Sat-  J 
the  earth.     It  passes  through  all  its  phases  in  six 
and  a  half  of  Saturn's  days. 

Thus  it  appears  that  Saturn  is  supplied  with  four  moons,  all  moving  nearer 
to  his  surface  than  ours  is  to  the  earth,  and  appearing  from  twice  to  ten  times  as 
large,  and  passing  through  all  their  phases  in  KOm  two  to  seven  of  Saturn's  days. 

The  fifth  moon  from  Saturn,  completing  its  month  in  eleven  and  a  half  of  J 
Saturn's  days,  is  at  a  distance  a  little  greater  than  that  of  our  moon,  and  prob-  / 
ably  appears  of  the  same  magnitude  seen  from  Saturn.     The  sixth  moon,  c< 
pleling  its  month  in  forty  of  Saturn's  days,  is  at  more  than  three  times  the  dis-  \ 
lance  of  our  moon,  but  is  twice  its  diameter.     It  appears  from  Saturn  but  little 
less  than  ours.     The  most  remote  of  this  system  of  moons  completes  its  rev- 
olution in  two  hundred  Satumian  days,  and  its  distance  from  Satum  is  ten 
times  that  of  our  moon  from  the  earth.     This  is  the  largest  moon  of  the  sys- 
tem, but  still,  owing  to  its  great  distance,  must  appear  smaller  at  Saturn  than  J 
ours  does  at  the  earth. 
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The  orbits  of  the  sis  inner  satellites  are  nearly  in  the  plane  of  the  ring,  but 
that  of  the  most  remote  one  is  inclined  to  it  at  the  rather  large  angle  of  30°. 

Owing  to  the  great  obliquity  of  the  orbits  of  the  satellites  to  that  of  Saturn, 
they  are  seldom  eclipsed.  The  frequency  of  the  eclipses  of  ihe  satellites  of 
Jupilet,  is  a  consequence  of  the  fact  that  their  orbits  are  neatly  in  the  plane  of 
that  of  the  planet. 

The  most  remote  of  Saturn's  moons  (commonly  called  the  fifth  satellite) 
exhibits  variations  of  brilliancy  which  have  given  ground  for  the  conjecture 
that  those  moons,  like  our  own  and  those  of  Jupiter,  revolve  on  their  axes  in 
the  time  ihey  take  to  revolve  in  their  orbits. 

The  two  innermost  satellites  were  the  latest  discovered,  and  are  by  far  (he 
most  difficult  lo  be  seen.  It  is  only  by  means  of  telescopes  of  the  mo'St  power- 
ful kind,  and  under  circumstances  most  favorable  to  observation,  that  they  can 
be  delected  at  all.  Those  who  have  been  so  fortunate  as  to  possess  instru- 
ment* capable  of  observing  them,  say  that  at  the  equinoxes  of  Saturn,  when 
his  ring  becomes  invisible,  they  have  been  seen  threading  like  beads  the  al- 
most infinitely  thin  filament  of  light  to  which  the  ring  is  then  reduced,  and  for 
a  short  time  moving  off  it  at  either  end,  speedily  lo  return,  and  hastening  again 
to  their  habitual  concealment. 

OF   HERSCHEL,  OR  URANVS. 

The  planet  of  the  solar  system  which  is  the  most  remote  from  the  sun,  and 
which,  there  are  strong  reasons  for  believing  to  be  the  extreme  limit  of  the 
systein,  is  called  Uranus,  and  sometimes,  from  its  distinguished  discover- 
er, Herschel.  This  body  is  a  globe  35,000  miles  in  diameter,  the  bulk  of 
whigh  is  about  eighty  limes  that  of  the  earth  ;  and  it  revolves  at  a  distance 
front  the  sun  of  eighteen  hundred  millions  of  miles ;  being  double  the  dis- 
tance of  Saturn.  The  great  distance  of  this  object  from  the  earth  and  the 
consequent  minuteness  of  its  appearance,  has  rendered  our  knowledge  of  its 
physical  condition  much  less  distinct  and  satisfactory  than  those  of  the  nearer 
planets. 

It  has  been  hitherto  unascertained  whether  it  has  a  diurnal  rotation  ;  but 
analogy  favors  the  conjecture  that  it  revolves  rapidly  upon  its  axis  like  the 
cognate  planets,  Jupiter  and  Saturn.  The  disk  has  not  been  seen  with  suffi- 
cient distinctness  to  detect  upon  it  those  indications  which  would  decide  the 
question,  whether  it  is  invested  with  an  atmosphere. 

The  period  for  this  planet  going  round  the  sun  is  eighty-four  terrestrial  years, 
and  as  the  date  of  its  discovery  was  1781,  it  has  not  yet  made  a  complete  rev- 
olution since  astronomical  observation  was  first  directed  to  it.  It  is  a  striking 
example  of  the  power  of  science,  that  we  are  nevertheless  as  certainly  assured 
of  its  periodical  path  round  the  sun,  as  if  it  had  been  observed  for  a  long  suc- 
cession of  its  periods  like  other  planets. 

Being  nearly  twenty  times  farther  from  the  sun  than  the  earth,  the  diameter 
of  the  sun  will  appear  to  it  proportionally  less  ;  and  as  the  sun's  apparent  diameter 
at  the  earth  is  thirty  minutes,  it  wUl  subtend  at  Herschel  at  an  angle  of  only  a 
minute  and  a  half.  We  subjoin  here  a  diagram  in  which,  if  we  suppose  the 
larger  circle  E,  to  represent  the  appearance  of  the  sun  as  seen  from  the  earth ; 
the  smaller  one  H,  will  represent  its  appearanc.e  as  seen  from  Herschel. 

As  the  intensity  of  solar  light  diminishes  in  the  same  proportion  as  the  su- 
perficial magnitude  of  the  sun's  disk  diminishes,  it  will  follow  that  the  bright- 
ness of  day  at  the  planet  Herschel  must  be  between  three  and  four  hundred 
times  less  than  at  the  earth!  We  might  be  led,  however,  from  such  a  numer- 
to  form  a  very  incorrect  estimate  of  what  the  solar  light  under 
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ially  be.     The  light  of  the  luU  mooci  is  about  thre 
S  hundred  thousand  times  leas  than  that  of  the  sun  ;  consequently  it  follows  that  ) 
I  the  hght  of  day  at  Hevschel  will  be  equal  to  the  light  of  more  ihan  one  thou-  ) 
}  sand  full  moons. 

Independent  of  ihis  consideration,  however  it  will  be  remembered,  as  we 

lave  urged  on  another  occasion,  that  the  pereepiha  of  the  brightness  of  light, 

(  does  not  depend  only  upon  the  density  of  the  light  itself;  but  also,  upon  the  i 

\  magnitude  of  the  pupil  of  the  eye  and  the  sensibility  of  the  retina.     Nothing  ) 

e  easy  to  imagine  than  a  very  small  alteration  of  the  proportions  of  f 


f  the  eye,  without  even  the  necessity  of  admitting 
vould  render  the  light  of  the  sun  at  Herschel 
'ision  as  at  the  earth. 

h  has  been,  in  various  popular  works,  and  i 
reatises,  urged  that  the  coid  which  prevails  at  I 
5  must  be  so  intense  that  the  liquids  of  our  globe 
't  Mercury,  a  de 


(ffici. 


s  structure,  which  ( 
t  for  the  purpose  o 


e  strictly  scientific  J 
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THE  MAJOE  PLANETS. 


mpatible   with  the  existence  of  pliysical  arrangements  similar  to  those  < 
j  which  prevaO  upon  the  earth  ;  such  inferences  are,  as  we  conceive,  premature  J 

tnd  unfounded.  They  are  based  upon  the  supposition  that  the  temperature  de- 
(  pends  solely  upon  the  density  of  the  solar  rays.  Now  we  have  noticed  else- 
J  where  the  fact  that  other  agencies  are  concerned  in  the  production  of  lemper- 

5,  and  have  given   as   an   example  al!   the  varieties  of  temperature  which  J 
5  prevail  between  the  tropics  at  different  elevations. 

(  In  the  valleys  and  planes  of  these  regions,  we  find  their  proper  climate  ;  a 
}  cending  the  tropical  ranges,  at  great  elevations  we  encounter  all  the  vegetable  I 
I  phenomena  of  temperate  climates,  and  at  still  greater  elevations  we  arrive  at  a 
)  temperature  as  rigorous  as  that  at  the  poles.  How  easy  is  it,  then,  to  conceive 
!  atmospheres  and  geographical  arrangements  provided  on  other  planets,  which, 
J  combined  with  the  peculiar  intensity  of  solar  light  and  heat,  shall  produce  a  re- 
j  suit  which  will  fix  the  general  temperature  of  any  of  the  planets  within  the  same 
J  limits  that  restrain  it  on  the  surface  of  the  earth. 

We  have  thus  taken  a  general   survey  of  the  planetary   system ;  but  it  may  > 

le  asked  how  we  know  that  this  survey  is  completed,  or  that  future  telescopic  ( 

(hservations  may  not  bring  lo  light  another  planet  revolving  round  the  sun, 
i  3,000,000,000  of  miles   beyond  the  planet  Herschel,  and  4,000,000,000  of  i 
I  miles  from  the  sun.     The  existence  of  a  body  such  as  Herschel,  would  have  ) 
)  been  regarded  before  its  discovery,  just  as  chimerical  as  another  planet  would  \ 

low  be  considered,  revolving  beyond  it. 
We  have,  however,  direct  proofs  of  a  very  cogent  character  in  favor  of  the  J 

<  position  that  Herschel  is  the  last  and  most  remote  member  of  the  soiar  system.  ) 
)  Physical  astronomy  has  been  pushed  in  these,  our  days,  to  so  great  a  degree  J 
j  of  perfection  that  we  are  enabled  to  calculate  beforehand  the  most  minute  e" 
>  feels  which  attend  the  reciprocal  gravitation  of  the  bodies  of  the  solar  systen 
C  Thus  we  can  plainly  discern  in  the  movement  of  each  planet,  not  only  the  ef-  | 
)  feet  produced  upon  it  by  the  preponderating  inliuence  of  the  sun's  gravity,  but  j 
(  also  the  more  minute  and  less  perceptible  effects  of  the  gravitation  of  each  of  J 
}  the  other  planets. 

If,  then,  a  planet  exist  beyond  the  limits  of  Herschel,  unless  it  were  of  an  ! 
ixtremely  small  mass,  we  could  scarcely  fail  to  discover  its  disturbing  influ-  ' 
mce  upon  the  general  movement  of  the  system.  The  great  masses  of  the  ) 
nore  remote  planets  compared  with  the  nearer  ones,  render  it  improbable,  if  J 
]  such  a  planet  existed,  that  its  mass  could  be  small. 

tut  we  are  not  left  to  depend  on  this  proof  alone  ;  the  comets  are  bodies 
(  whose  masses  are  incomparably  less,  even,  than  the  smallest  of  the  satellites, 
S  and  they  are  therefore  highly  susceptible  of  receiving  the  effects  of  the  gravi- 
i  tation  of  the  bodies  in  their  neighborhood.  They  may  be  regarded  in  astron- 
)  omy  as  what  electroscopical  instruments  are  in  physics  ;  tests  by  which  the  J 
'  stence  of  the  smallest  gravitating  power  may  be  ascertained. 
)ne  of  these  bodies,  called  Hailey'a  comet,  makes  a  periodical  e 
J  which  is  completed  in  seventy-five  years,  issuing  to  a  distance  beyond  the  orbit  j 
)  of  Herschel,  amounting  to  very  nearly  4,000,000,000  of  miles  from  the  sun. 

<  If,  in  its  excursion,  that  body  came  within  the  gravitating  influence  of  any  mass 
)  of  matter  not  known  to  astronomers,  its  motion  would  be  affected  by  such  in- 
fluence, so  that  it  would  be  accelerated  or  retarded,  and  the  epoch  of  its  re- 
turn to  the  solar  system  would  be  sooner  or  later  than  that  predicted  by  as- 
tronomers, upon  the  supposition  that  it  ia  subject  only  to  the  attraction  of  the 
known  bodies  of  the  solar  system.     Now  the  comet  of  Halley  has  twice  re-   . 
turned  since  its  periodic  motion  was  discovered,  and  in  both  cases  the  time  and  \ 
place  of  its  return  corresponded  so  exactly  with  that  which  would  happen  sup-  J 
posing  it  to  be  subject  to  no  other  attractions  but  those  of  the  solar  ■'■"'* —    ■■- 
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to  raise  a  presumption  amounting  to  moral  certainty,  that  it  suffers  in  its 
long  course,  no  disturbing  influences,  and  consequently,  that  beyond  the  or- 
bit of  Herschel  there  exists  no  mass  of  matter  attached  to  the  solar  system, 
sufficiently  great  to  produce  any  effect  upon  so  light  a  body  as  Hallay's 
comet. 
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EEFLECTION    01    LIGHT. 


enca  of  Lighl.—H«flecrion.— Irregular  HcHection.— HegiilaF  Heflection.— Differe 
eciion  in  different  Bodies.— Hefleciion  at  plane  Surfaces.— Its  Laws.— Image  of 
ae  Refieclor.— Reflection  of  carved  Surfaces.- Concave  ReHeciora.— Convex  H 
!8  in  epherical  Reficclora.— IJlusion  of  the  air-drawn  Dagger.— EBecla  of  comml 
s  analyzed,— A  fluttering  GIbes  explained.— Metallic  8pecal&.— Eeflectlon  in  1 
]f  the  Banks  of  a  Lake  or  River. 
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EEFLECTION   OF    LIGHT. 


The  physical  theories  by  which  the  phi 
gation  of  light  are  explained,  have  been  gi' 


connected  with  the  propa- 
_  ih  some  details  on  another  J 

We  shall  now  notice  some  of  the  more  simple  and  elementary  laws  J 
of  optics,  which  must  stand  undisturbed,  whatever  ibeory  of  light  may  be  adopted 

Whether  light  consists  of  undulations,  or  of  corpuscles  of  matter,  sui  generis,  ' 
it  is  invariably  propagated  in  straight  lines  so  long  as  it  passes  through  the  ? 
same  medium  ;  the  straight  line  along  which  the  light  holds  its  course  is  called 
8  rcy  of  light,  and  any  collection  of  such  lines  of  definite  thickness  is  called  a 
pencil  of  light. 

If  the  rays  composing  the  pencil  be  parallel  to  each  other,  the  pencil  is 
called  a  parallel  pencil ;  if  the  rays  intersect  each  other  at  a  point,  the  pencil  j 
is  said  to  diverge  from  or  converge  to  that  point  according  to  the  direction  in  \ 
which  the  light  is  conceived  to  move,  and  the  pencil  is  acc6rdingly  called  a 
converging  or  diverging  pencil. 

If  rays  of  light,  after  passing  in  straightlines  through  any  uniform  medium,  en^ 
counter  the  boundary  or  surface  of  another  medium  of  a  different  kind,  they  will  i 
either  turn  back  and  take  other  directions  in  the  medium  from  which  they  came, 
or  they  will  enter  the  new  medium,  and  will  in  general  take  new  directions  in 
it.     In  the  former  case  the  second  medium  is  said  to  be  opaque,  and  the  rays  J 
are  said  to  be  reflected  from  its  surface  ;  in  the  latter  case  it  is  said  to 
transparent,  and  the  rays  are  said  to  be  refracted  by  it. 

Reflection  and  refraction  are  then  two  very  important  effects  (o  which  light  ? 
is  subject,  and  it  will  be  both  interesting  and  profitable  briefly  to  notice  the  lead- 
ing principles  that  govern  these  phenomena. 


REFLECTION   ( 


The  surfaces  of  opaque  bodies  reflect  the  light  incident  upon  them  i 
various  ways,  and  produce  a  corresponding  variety  of  effects  thereby  on  ih 
tense  of  sight. 
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All  ordinary  surfaces  are  more  or  less  rough.  The  light  which  falls  upon  I 
<  theiJi  is  irregularly  reflected  by  them  ;  each  point  upon  them  being  Uluminated,  f 
j  disperses  the  light  which  strikes  ripon  it  in  every  direction  around  it,  and  it  { 
'lus  that  the  point  itself  becomes  visible  to  an  eye  placed  anywhere  within  { 
V  of  it.  The  surfaces  of  bodies  in  general  are  by  this  means  seen  from  \ 
J  every  quarter  around. 

s  the  light  of  the  sun  is  of  one  uniform  color  and  quality,  it  will  be 

4  asked  how  it  happens  that  the  surfaces  of.  different  bodies  and  different  parts 
(  of  the  surface  of  the  same  body  produce  different  effects  upon  vision,  appear- 

Lg  to  have  a  variety  of  colors  and  tints  of  colors.     If  they  reflect  to  the  eye 
0  Jight  except  that  which  falls  upon  them,  and  if  tliat  which  falls  upon  them  j 
s    all  of  a  uniform  quality,  how,  it  may  be  asked,  does  it  happen  that  the  J 
I  light  reflected  by  different  surfaces  impresses  the  eye  with  the  perception 
!  different  colors  ?     In  answer  to  this  it  is  necessary  to  explain  that  although  J 

the  light  of  the  sun  is,  in  a  certain  sense,  of  a  uniform  quality  and  color,  it  is 
i  nevertheless  not  simple  and  homogeneous  ;  it  is,  in  fact,  a  compound  principle, 
j  produced  by  the  mixture  of  lights  of  different  colors  in  different  proportions, 
.t  is  this  mixture  which  produces  the  white  light  of  the  sun. 

Now,  the  surfaces  of  opaque  bodies  are  endowed  with  various  properties  of 
reflecting  light.     Some  possess  the  virtue  of  reflecting  light  of  one  color,  while  J 
I  they  absorb  or  extinguish  light  of  another.     One,  for  example,  will  have  a 

5  strong  power  of  reflecting  red  light,  but  will  be  altogether  incapable  of  refiect- 

(  ing  blue  light ;  in  short,  various  surfaces  have  infinitely  various  powers  of  j 
S  reflecting  lights  of  different  colors.  i 

f  Why,  then,  does  one  opaque  object  appear  to  the  eye  red,  while  another  J 
i  appears  blue  ?  Because  in  the  compound  light  of  the  sun,  which  equally  falls  ? 
i  on  both  of  these  objects,  there  is  contained  both  red  and  blue  light ;  the  sur-  j 
i  face  of  the  object  which  appears  red  absorbs  or  extinguishes  all  the  elements 
i  of  the  solar  light  except  the  red  raya  which  it  reflects  ;  and  the  object  which  j 
)  appears  blue,  on  the  other  hand,  absorbs  all  the  elements  of  the  solar  light  ex 
J  cept  the  blue  rays,  which  alone  are  reflected  by  it. 

ppears  that  all  objects,  whether  natural  or  artificial,  derive  thei 

f      I     f   m    h     p    p  rty  which  they  possess  of  decomposing  i 
^     l*  '  ly     1        s  Oiey  have  the  power  of  refiecting  blend- 

"    ^         1-1  jg  which  characterize  them,  the  other  con- 
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1       p  d  by  visible  objects,  they  exhibit  various  de- 

wh         f  m  liarly  called,  various  degrees  of  light  and 

f    m  h    m         r  less  favorable  position  which  different  J 

h  h      p  ct  to  the  light  which  falls  upon  ihem,  and  \ 

h      h    f   m      d  shape  of  bodies  are  perceivable  by  the  J 

p  q      b  dy,  instead  of  being  more  or  less  tou 
(l  h    f        p  paratoly  a  centre  of  refiected  light,  could  i 

^  d      d  p    t     1  h      d  p  lished,  then  the  light  would  not  be  re-  i 

u  h    m  w  d      ribed.     The  various  points  upon  it  would  J 

hen  become  centres  from  which  light  would  be  dispersed  in  every  direc- 
tion  ;  on  the  contrary,  the  rays  of  light  falling  on  such  a  surface  would  be  re- 
flected by  peculiar  laws. 

REFLECTION  AT  PLANE   SURFACES. 

_    LetussupposothatAB,fig.l,issuchasurface,andthatarayoflightproceed-  ' 
J  mg  from  the  sun  at  S  illuminates  a  point  I,  placed  upon  this  surface.     In  the  '. 
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J  former  case,  the  light  striking  at  I  or  a  part  of  it,  would  be  dispersed  in  every  j 
S  direction  above  the  surface  A  B,  so  as  to  render  the  point  I  visible  to  an  i 
[  placed  anywhere  in  the  space  above  A  B.     But  such  is  not  the  case  when  the  j 
»  surface  A  B  is  perfectly  smooth  and  polished.     In  that  case,  the  light  proceed- 
ing from  S  and  striking  on  I,  will  be  reflected  only  in  one  direction,  viz.,  as  if 
■      me  from  a  point  D  as  far  behind  A  B  as  S  is  before  it.     Thus  if  we  draw  i 
!  S  A  at  right  angles  to  A  B,  and  continue  it  until  A  D  is  equal  to  A  S,  then  the  j 
S  light  wilt  be  reflected  along  I  0  as  if  it  came  from  D. 

I       As  a  consequence  of  this,  it  follows  that  the  incident  light  S  I  and  the  re- 
1  fleeted  light  I  O  make  equal  angles  with  the  reflecting  surface  A  B. 
'       This  is  a  universal  and  very  important  law  of  optics,  and  is  usually  ex- 

When  a  ray  of  light  falls  on  a  perfectly  polished,  reflecting  surface,  it  is 
fo  reflected  that  the  angle  of  reflection  shall  be  equal  to  the  angle  of  incidence.  J 
i  In  the  diagram,  A  I  S  is  the  angle  of  incidence,  and  0  I  B  is  the  angle  of  r. 
1  flection. 

But  if  a  surface  such  as  A  B,  fig.  2,  be  exposed  to  a  source  of  light,  it  is  not  one  ( 
Fig,  a. 


■  point,  but  every  point  of  it,  ihat  will  be  illuminated.     Rays  in  fact  will  diverge 
\  from  S,  and  will  strike  upon  all  points  of  A  B.     From  what  has  been  already  j 
(  staled,  it  will  be  apparent  that,  after  reflection,  they  will  each  of  them  procet  ' 
j  as  if  they  had  originally  diverged  from  D.     The  effect,  therefore,  of  the  r' 
j  fleeting  surface  A  B  will  be  to  convert  a  pencil  of  rays,  which  diverges  from  ) 
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I  another  which  ivil!  have  the  effect  of  diverging  from  ihe 


Now  I( 
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sible  ol 
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,  such  as  A  B.     Each  point  of  that  object  will  be 
e  peculi"    "'        '  '  '  ■■         


n  front  of  a 


?  of  light  of  the  peculiar  tint  which  may  characterize  the  object.    The  light  wb 

i  proceeds  from  each  of  these  points  falling  on  the  surface  A  B,  will  be  reflected  i 

IS  if  it  came  from  a  corresponding  point  behind  the  mirror  ;  and  an  eye  placed  ; 

mywhere  before  iLe  mirror,  as  at  O,  will  receive  that  light  exactly  as  it  would  ) 

?  receive  it  if  the  body  which  is  at  S  S'  were  reaily  at  D  D'.     Consequently,  < 
J  the  eye  will  see  an  object  at  D  D'  exactly  similar  to  S  S', 


.A 


Pig.  3. 


Such  is  the  simple  explanation  of  the  effects  of  common  plane  mirrorf 

f  we  stand  before  a  mirror,  each  point  of  our  persons  emits  light  of  a  peculia 

color,  which,  diverging,  falls  on  the  surface  of  the  mirror,  and  is  reflected  by  I 

that  surface  as  if  it  came  from  a  person  exactly  resembling  ourselves  in  form  ) 

i  and  color,  facing  us,  and  standing  at  the  same  distance  behind  the  mirror  that  ; 

«e  are  before  it 

The  form  of  an  object  thus  rendered  optically  visible  by  a  mirror  is  techni- 

J  cally  called  its  image. 

is  evident,  from  what  has  been  stated,  that  if  I  stand  before  a  mirror  and 
J  see  my  person  in  it,  the  image  of  my  right  arm  being  immediately  opposite  to  ! 
)  that  arm  and  behind  the  mirror,  wil!  be  the  left  arm  of  the  image  ;  and  in  lili 
(  manner,  the  image  of  my  left  arm  will  be  the  right  arm  of  the  image.     Itis  tl: 
e  with  the  images  of  all  objects  formed  by  plane  reflectors  :  right  becomt 
and  left  right ;  in  other  words,  the  image  is  reversed  laterally. 
1  some  cases,  as  will  be  seen  hereafter,  optical  images  are  not  merely  n 
\  versed  laterally,  but  inverted  vertically,  so  as  to  be  seen  upside  down.     This  J 
'  owever,  not  the  case  with  plane  mirrors ;  for  the  head  and  the  feet  of  the  j 
je  being  on  the  other  side  of  the  mirror  merely  at  the  same  distance  be-  f 
j  hind  it  as  the  head  and  the  feet  of  the  object  are  before  it,  the  head  will  b 
!  the  top  and  the  feet  at  the  bottom  of  the  image.     Objects  are  therefore  seen  ) 
t  in  plane  minors.  ( 

L  cases  where  the  arrangement  from  right  to  left  is  essential,  the  images  ( 
?  produced  by  plane  mirrors  become  defective  for  the  ordinary  purposes  of  eshi- 
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REFLECTION  OF  LIGHT. 


bition.     Thus  a  prinled  word,  or  an  inscriptio 
.Itogelher  deranged  ;  it  will  have  the  san 
types  have  from  which  it  is  printed. 


,  when  held  before  a  mirror,  will 
:  appearaace  to  the  eye  as  the 


REFLECTION    AT 


Whatever  be  the  form  of  a  curved  surface,  it  may  be  conceived  lo  consist  of 
separate  parts  of  such  small  dimensions  that  each  of  them  may  be  considered 
as  a  portion  of  a  sphere  or  globe ;  and  therefore  if  the  principles  which  regu- 
late ^e  reflection  of  light  from  a  spherical  surface  be  known,  the  effects  of 
curved  surfaces  of  other  forms  may  be  easily  investigated.  We  shall  therefore 
confine  our  observations  here  lo  the  reflection  of  light  from  perfectly  smooth 
spherical  surfaces. 

CONCAVE   REFLECTORS. 

Let  MA  M',  fig.  4, represent  a  portion  of  a  concave  spherical  reflecting  surface,  [ 

and  let  S  represent  a  point  from  which  light  diverges  ;  let  C  be  the  centre  of  < 

the  spherical  surface.     A  ray  of  light  failing  from  S  upon  the  point  I,  will  be  i 

reflected  in  the  direction  I  R,  so  as  to  make  the  angle  R  I  C  equal  to  the  angle  ( 

SIC.     If  the  point  S  be  very  near  to  or  in  the  line  A  C,  and  at  a  very  great  J 
distance  from  the  reflector,  then  the  point  R  will  be  at  the  middle  of  the  dis- 
tance C  A,  so  that  it  will  divide  the  radius  C  A  into  two  equal  parts. 


If  the  point  S  be  in  any  object,  the  corresponding  point  R  will  be  its  image, 
and  in  like  manner  the  images  of  ail  the  other  points  will  be  formed. 

When  a  concave  speculum  is  presented  to  a  very  distant  object,  an  ] 
that  object  will  be  formed  in  front  of  the  speculum,  and  at  a  distance  from  il 
equal  to  half  its  radius.     This  image,  however,  will  be  inverted. 

If  the  object  be  not  at  a  very  great  distance  from  the  reflector,  its 
will  be  formed  at  a  point  farther  from  the  surface  than  half  the  radius,  and  will  ( 
still  be  inverted.  ) 

In  a  convex  reflecting  surface,  the  image  of  an  object  placed  in  front  will  be  < 
formed  behind  the  reflecting  surface ;  as  in  the  case  of  a  plane  mirror,  it  will  J 
be  erect  and  smaller  than  the  object. 

The  positions  assumed  by  the  images  of  objects  formed  by  c 
convex  reflectors,  have  rendered  this  species  of  mirrors  amusing  m 
casional  optical  exhibition. 

If  an  object  be  placed  in  front  of  a  convex  mirror,  its  image  will  be  formed  t 
behind  the  mirror  at  a  distance  something  less  than  half  the  radius  of  the  c 
vexity.     This  image  will  be  always  erect,  but  will  be  smaller  than  the  object ; 
and  the  more  distant  the  object  is  from  the  mirror,  the  smaller  h 

Whatever  be  the  form  of  the  object,  the  image  will  have  a  tendency  ti 
ionvex  form,  and  consequently  sueh  mirrors  always  produce 
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r  at  a  distance  from  it  greater 
e,  an  image  will  be  formed  of   ! 
in  its  surface  greater  than  half 

than  the  object;  as  the  object 
,  the  image  will  also  ap- 


f  an  object  be  placed  before  a  concave  miri 

n  that  of  the  geometric  centre  of  its  curvati 

J  this  object  in  front  of  the  mirror  at  a  distance  fr 

'  s  radius. 

This  image  will  be  inverted,  and  wilf  be  les 

J  approaches  the  centre  of  ihe  curvature  of  the ,  ._ _^_ 

j  proaoh  that  point,  and  thus  the  object  and  image  wiU  approach  each  other 
I  image  will  at  the  same  time  be  increased  in  magnitude.     If  the  object  be  5 
?  placed  within  the  centre  of  curvature  of  the  mirror,  but  farther  from  its  surface  J 
S  than  half  its  radius,  a  magnified  image  will  be  formed  a' 

considerable  in  front  of  the  mirror.     Thus,  let  ua  suppose  that  a  mirror  j 
i  formed  with  a  curvature  having  a  radius  of  four  feet,  has  an  object  in  front  of  it 

a  distance  of  three  feet  from  its  surface  ■  an  image  of  that  object  will  be  j 
!  formed  at  six  feet  in  front  of  the  mirror,  and  this  image  will  be  double  the  \ 
j  height  or  length  of  the  object. 

In  this  manner,  a  mirror  placed  out  of  sight  of  a  person  may  be  made  t< 
\  thiow  the  image  of  an  object  close  to  him  ;   thus  a  dagger  may  be  presented  J 
o  one's  bosom,  which,  however,  is  literally  an  air-drawn  dagger. 
The  only  form  of  reflecting  surface  which  presents  an  object  in  its  natural  j 
I  position  and  proportions  is  the  plane  mirror  commonly  used  for  domestic 
J  poses  ;  and  even  this,  as  already  explained,  reverses  the  object  laterally— 
S  king  right  left,  and  left  right.     For  the  purposes,  however,  to  which  it  isusu 
?  applied,  this  derangement  does  not  impair  its  utility. 

i       The  perfection  with  which  a  mirror  presents  the  image  of  an  object  placed  ) 
j  before  it  depends  upon  Its  form  and  material.     It  is,  above  all  things,  essential  < 
S  that  its  surface  should  be  perfectly  plain  and  even  ;  any  deficiency  in  this  qual- 
j  ity  will  produce  a  corresponding  distortion  of  the  image.     Cheap  looking- 
[lasses  are  often  striated  and  streaked  with  inequalities  and  ridges,  which  render  } 
hem  nearly  uselfess.     Whatever  be  the  substance  used  to  form  a  mirror,  a  part  ) 
mly  of  the  light  which  falls  upon  it  will  be  instrumental  in  forming  the  image. 
The  entire  quantity  of  light  which  falls  on  the  mirror  may  be  accounted  for  as 
5  follows : — 

.  A  part  will  be  regularly  receded  according  to  the  laws  above  explained 
)  and  it  is  by  this  part  the  image  will  be  formed. 

j       2.  Another  part  will  be  irregularly  reflected— thnt  is  to  say,  it  will  be  scat-  i 

}  tered  in  every  direction  around  from  every  part  of  the  surface.     It  is  this  por-  ? 

ion  of  the  light  which  renders  the  surface  of  the  mirror  visible. 

3.  A  part  will  be  absorbed  upon  the  reflecting  surface  and  lost. 

The  more  highly  polished  and  even  the  reflecting  surface  is,  th 

j  be  the  part  irregularly  reflected,  and  the  brighter  will  be  the  image.     The  part  ) 

J  of  the  light  absorbed  or  stopped  will  depend  on  the  physical  quality  of  the  i 

ter  of  which  the  reflector  is  formed. 

ince  art  cannot  produce  a  perfect  reflecting  surface,  there  will  always  i 
j  be  a  portion  of  the  incident  light  irregularly  reflected  and  absorbed.     It  follows, 
i  therefore,  that  light  is  always  lost  in  reflection ;  and  in  the  case  of  plane  mir-  J 
ars,  where  the  magnitude  of  the  image  is  equal  to  that  of  the  object,  the  bright-  / 
ess  of  the  image  must  always  be  less  than  that  of  the  object.  J 

^       There  is  no  substance  which  reflects  with  equal  facility  all  tints  of  color.  5 
,  It  generally  happens  that  lights  of  one  tint  are  more  absorbed  than  the  lights 
I  of  another.     Mirrors,  therefore,  will  produce  a  change  more  or  less  according  J 
<  to  their  degree  of  imperfection  in  the  tints  which  characterize  the  object  before  J 
J  them  ;  in  other  words,  the  color  or  tints  of  the  image  will  not  correspond  e 
icily  with  those  of  the  object. 
It  is  therefore  a  fact  true  in  science,  although  sometimes  ridiculed,  that  \ 
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J  different  looking-glasses  will  present  a  more  or  less  agreeable  representat 
}  of  the  person  who  uses  them,  according  to  the  colors  which  they  may  happen  j 
5  to   absorb.     Thus,  if   a   mirror   has    a    tendency  to  absorb   the  red   lints, 
j  will  give  a  pallid  lint  to  the  complexion  ;  whereas,  if  it  absorb  the  bluo  tint 
{  it  will  throw  a  blush  over  the  appearance,  and  may  be  called  a  flattering  ( 


llass  is  the  most  convenient  material  for  n 
{  becau-e  it  is  the  cheipest  and  most  durable 


>E  1> 


ntended  for  domestic  use, 
s  hi  from  being  the  best 


h  d       h    h    d 


f    bj 


1     f   h    Igh  wh   h 


h  f  h 
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C  larly  reflected,  and  prodi 


lb    dft 
h    b  f  11 


f   1 
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b| 

f  h    gl 
,  which,  by  careful  j 


famt  imago  of  the  '  „      , 
observation,  may  be  easily  distinguished  a  little  in  front  of  the  stronger  image  j 
produced  by  the  silvered  surface.     The  distance  of  this  faint  image  in  front  of  , 
the  other  will  be  equal  to  the  thickness  of  the  glass. 

It  is  evident,  from  what  has  been  just  observed,  that  the  h'  h    gl       ' 

the  belter  will  be  the  mirror. 

The  defects  which  have  been  just  explained  have  rend      d  gl  R 

inapplicable  to  telescopes  or  any  of  the  class  of  superio     p      1 
used  for  scientific  purposes.     In  these  instruments  met  11         fl     tors    1 
are  used.     An  alloy  of  metals  is  selected  for  this  purpose       wh  p       bl 

in  color,  and  susceptible  of  a  high  polish.     A  very  accura     f  gu  np       c 

to  it  and  a  very  perfect  polish  by  various  processes  kno    a       th      rt       Ai 
though  with  such  reflectors  incomparably  less  light  is  1        h 
looking-glasses,  still  a  much  greater  loss  of  light  takes  pi         h 
mission  through  transparent  media  ;  hence  tho  received  m        p  h 

more  light  is  lost  in  reflection  than  in  refraction.     Liqu  d        f  ff    d 

general,  when  at  rest,  good  plane  reflectors.     If  the  liq    d  b      p   j        h 
reflection  is  very  perfect.     This  will  be  rendered  appar       bj  po       g 
clear  quicksilver  on  a  plate ;  to  exhibit  this  effect,  the  quicksiher  should  b( 
strained    through   a    piece  of   chamois    leather;   it   would  otherwise  have   : 
film  upon  it  composed  of  foreign  matter,  which  would  destroy  its  reflecting  i 
power. 

The  objects  on  the  banks  of  a  calm  river  or  a  tranquil  lake  win  be  si 
reflected  in  its  surface  ;  but  it  is  worthy  of  notice  that  the  observer  can  o 
see  this  reflection  when  he  looks  very  obliquely  at  the  surface  of  the  wat 
the  reason  of  which  is,  that  the  rays  which  strike  neatly  at  right  angle; 
the  water  penetrate  it  in  virtue  of  its  transparency.  It  is  only  those  which  ) 
glance  obliquely  on  it  that  are  reflected  ;  just  as  a  stone  which,  thrown  per- 
pendicularly on   the  water,  would  immediately   sink,   will,  if  projected   i 
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Ten  years  hare  now  rolled  away  since  the  project  was  first  annonnced  tt, 
I  the  world  to  supersede  the  far-famed  New  York  and  Liverpool  packet-  ( 
PS  by  a  magnificent  establishment  of  steam-likers.     These  vessels  w 
lustain  a  constant,  regular,  and  rapid  communication  between  the  New  and  \ 
1  Old  World.     They  were  to  be  the  great  channel  for  commerce,  intelligence,  } 
J  and  social  intercourse,  between  the  metropolis  of  the  West  and  the  vast  marts 
of  the  United  Kingdom ;  ihey  were,  in  a  word,  to  fulfil,  not  only  all  the  func- 
tions which  for  half  a  century  had  been  so  admirably  discharged  by  the  pack- 
ets, but  to  do  so  with  expedition  increased  in  a  threefold  proportion  at  the  least.  { 
.  Such  an  announcement  could  not  fail  to  captivate  the  great  body  of  the  pnblic 
J  The  results  Jo  be  anticipated  were  so  obvious,  so  grand,  and  must  be  attended  { 
5  with  effects  so  widely  spread   that  all  p  rs  n      f  '  'I'z  d  n  I*        t 

(  felt  and  acknowl  ddh  prt  Th        nnn  flpj 

iwas  accordingly  h   1  d       h  on  I    h  1        1  n      Th       w 

some,  who,  benn  whh  Id  Ih  f 

engineering  as    ppl    d       n      g      n       d     w         f  n        1        d 

tions  which  m       afi"       h    p    bl  m  w  bled  m  1    ly  and  d 

passionately  thdffiul  ddbk  wll        hd         g        fh 

undertaking.     Th       p  n    rt        d  d  ub     wh    h    1     d  d  h    b  gh 

of  their  hopes,    nd  w  m  d  1         mm         1        Id         n      1        dui  1 

sanguine  antic  p  fhmd  duqifidal  fhp 

t      They  c  II  d  nd  <m  mp       d       m       m  n 

axtensive  capital  in  schemes  which  could  still  be  only  regarded  as  experi- 
(  mental,  and  which  might  prove  its  grave.     But  the  voice  of  remonstrance  was 
)  drowned  amid  the  loud  shouts  of  public  enthusiasm  excited  by  the  promise  of  j 
(  an  immediate  practical  realization  of  a  scheme  so  grand.     The  keel  of  the  \ 
I  Great  Western  was  laid  ;  an  assurance  was  given  that  the  seasons  would  n 
{  twice  run  through  their  changes  before  she  would  be  followed  by  a  splendid  J 
[  line  of  vessels,  which  should  consign  the  packet-ships  to  the  care  of  the  his- 
"an  as  "  things  that  were." 
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The  Great  Western  progressed  and  was  launched,  and  the  enterprise  has 

low  had  a  fair  trial  during  ten  years— a  sufficiently  long  time,  it  is  presumed, 

o  test  it.     The  packet-ships,  however,  have  not  been  swept  from  the  face  of 

he  ocean.     On  the  contrary,  they  have  been  improved  in  efficiency,  increased  c 

n  magnitude,  and  multiplied  in  number.     CapittJ,  instead  of  being  drawn  from  5 

ihera,  allured  by  the  prospective  advantages  of  the  steam-liners,  has  only  J 

\  collected  round  them  in  augmented  amount — obeying,  as  it  always  does,  that  S 

1  irresistible  attraction  which  profitable  results  invariably  exercise  in  commerce.  < 

I  On  the  other  hand,  the  steam  project,  which  was  to  prove  their  doom,  has  J 

(  made  its  flash  and  disappeared,  leaving  the  Great  Western- 


in  her  glory"- 


itablish  at  once  the  abstract  practicability  of  the  scheme  in  a  mechanical  j 
:e,  and  the  utter  inadequacy  of  its  organization  and  execution  in  a  comme 
sense.     This  fine  ship  has  for  several  years  maintained  an  occasional  ii 
ourse  during  the  summer  months  between  New  York  and  one  or  other  of  J 
!  the  British  ports. 

The  Great  Western,  it  must  be  confessed,  was  established  under  most  favor- 
J  able  auspices.     Mr.  Field,  of  the  firm  of  Maudslay  and  Field,  planned  and  exe- 
f  cuted  her  machinery,  although  the  merit  of  it  has  been  attempted  to  be  filched  \ 
"     a  him  by  others.     It  combined  all  the  perfection  which  the  most  consum- 
e  skill  in  practical  engineering  at  that  time  could  confer  upon  it.     The  \ 
J  vessel  has  accordingly  proved  the  practicability  of  maintaining  this  line  of  stt 
/  communication,  provided  the  traffic  would  bear  its  expense  in  that  particular  way  ? 
J  of  working  it.     If  any  experiment  of  that  kind  could  encourage  tlie  investment  J 
)  of  capital  in  the  enterprise,  this  would  have  done  so.     Yet,  with  the  practi-  ) 
5  cal  monopoly  of  the  line  in  their  hands,  the  owners  of  this  splendid  ship  have 
?  more  than  once  offered  her  for  public  sale.     That  she  now  remains  in  iheir 
!  hands  and  stil!  plies  across  the  Atlantic,  is  owing  to  the  fact  that  no  buyers  on 
?  equitable  terms  could  be  obtained.     Meanwhile,  the  less  ambitious  but  more 
(  manageable  project  to  establish  a  line  of  mail-steamers,  sustained  by  the  liberal  j 
)  subsidy  of  the  British  postoffice,  plying  between  Liverpool  and  Boston,  has  ( 
}  been,  as  all  the  world  knows,  successfully  realized. 

How,  then,  it  will  be  rationally  asked,  are  these  things  to  be  explained  1 
\re  we  to  relinquish  the  hope  of  uniting  the  great  mart  of  the  West  with  the  j 
?  ports  of  Europe  by  the  agency  of  steam  in  such  a  manner  as  to  serve  the  ends  I 
:ommerce,  and  insure  to  the  projectors  that  reasonable  profit  without  which  j 
I  permanence  cannot  be  obtained  ?   Is  that  mighty  power  which  for  the  last  cen-  I 
J  tury  has  wielded  its  giant  arm  over  the  destinies  of  the  human  race — which  J 
raised  from  the  bowels  of  the  earth  those  inestimable  mineral  treasures  that,  ' 
i  without  its  aid,  would  have  been  inaccessible — which  has  superseded  hur 
?  labor  at  the  spindle  and  the  loom,  and  supplied  their  products  in  unbounded  J 
i  quantity  at  a  price  little  exceeding  that  of  the  raw  material — which  has  invaded  > 
waters  of  the  Ganges  and  Mississippi,  and  poured  the  blessings  of  civiliza-  < 
.  even  to  the  innermost  recesses  of  the  great  continents  of  Asia  and  America  ; 
.■hich  has  superseded  the  weary  hand  of  human  labor  at  the  printing-ptess 
become  the  instrument  of  the  difiusion  of  knowledge  among  the  entin 
)  human  race  at  a  price  which  has  rendered  it  accessible  to  all — which  has  un 
J  harnessed  the  horse  from  the  car,  and,  taking  its  place,  has  given  the  speed  of  j 
\  the  wind  to  the  social  intercourse  of  distant  centres  of  population — is  i" 
nighty  arm  of  this  omnipotent  agent  suddenly  enfeebled  and  paralyzed,  a 
(  are  we,  in  the  middle  of  the  nineteenth  century,  destined  to  be  the  witness 
J  of  this  its  first  signal  failure  ? — or  is  it  rather  that  those  whom  chance  has  \ 
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thrown  into  the  management  and  guidance  of  this  vast  enterprise  have  wanted 
the  skill  to  devise  proper  and  adequate  means  of  applying  the  power  placed  at 
their  disposal  1  These  are  questions  to  which  it  were  rash  in  any  individual, 
however  high  his  attainments,  to  give  a  dogmatical  answer.  Nor,  indeed, 
would  such  an  answer  now  be  otherwise  useful  than  as  illustrating  the  history 
of  the  progress  of  steam-machinery. 

The  condition  tinder  which  the  problem  presented  itself  ten  years  ago  has 
been  gradually  and  insensibly  modified  by  the  progressive  improvements  which 
eachsucce_ssiveyear,  nay,  even  every  revolving  month,  has  developed  in  the  art 
of  steam-navigation.  That  which  might  have  been  impiaclicahle  and  hopeless 
in  1837,  was  less  so  in  1838 — was  divested  of  stili  more  of  its  difficulties  and 
obstacles  in  1839 — ^became  in  some  degree  feasible  ia  1840;  and  thus,  by 
the  progress  of  invention  and  the  improvement  of  art,  presents  itself  now  under 
much  more  cheering  prospects. 

.  Having  attended  with  much  interest  to  the  growth  of  the  Atlantic  steam 
project  from  its  earliest  suggestion  up  to  the  present  hour,  and  having,  by  my 
course  of  study  and  professional  avocations,  been  informed  of  the  condition  of 
that  branch  of  the  useful  arts  on  which  its  successful  issue  must  depend — and 
having  regarded  it,  moreover,  not  merely  as  a  great  mechanical  experiment,  but 
as  a  commercial  project,  the  issue  of  which  must  depend  on  the  permanent  and 
certain  advantage  to  be  derived  from  it — I  formed  eariy  opinions  respecting  it, 
and  did  not  hesitate  publicly  to  express  them.  It  was  apparent,  as  I  conceived, 
that  an  establishment  of  steam-liners  between  New  York  and  the  ports  of 
England  must  depend  for  iheir  success  upon  their  fitness  and  capability  to 
serve  those  commercial  purposes  which  Were  so  well  fulfilled  hitherto  by  the 
packet-ships.  It  was  well  known  that  a  line  of  post-office  steamers,  controlled 
and  subsidized  by  the  British  government,  and  serving  the  colonial  objects 
of  that  nation  would  be  established,  and  would  necessarily  enjoy  the  mo- 
nopoly of  the  mails,  and  receive  a  preference  from  those  classes  of  voyagers 
to  whom  expedition  was  everything  and  expense  nothing.  Against  such  a 
line  it  was  evidently  hopeless  to  oppose  one  directed  to  similar  objects,  subject 
to  equal  expense,  and  not  sustained  by  the  same  munificent  subsidies.  The 
New  York  and  Liverpool  line,  then,  if  established  at  all,  must  direct  itself 
to  the  fulfilment  of  objects  not  aimed  at  by  the  British  postoffice  line  of 
steamers. 

Such  vessels,  to  be  profitable  to  their  owners  and  beneficial  to  the  public, 
must  aim  at  the  acquisition  of  powers  and  capabilities  which  will  enable  i 
I  them  to  perform  the  service  of  the  packe^ships.  They  must,  in  a  word,  be  i 
j  packet-ships,  in  which  sufficient  steam-power  shall  be  supplied  as  may  give 
j  them  that  increased  expedition,  regularity,  and  punctuality,  which,  in  the  ex- 
f  isting  state  of  the  arts,  can  only  be  obtained  through  that  agency  ;  but  it  is 
!  also  important  that  they  accomplish  this  without  robbing  these  ships  to  any 
j  injurious  extent  of  their  present  capability  of  satisfying  the  wants  of  com- 

Jow  it  appears  evident  that  these  ends  can  only  be  obtained  by  a  material  J 
J  modification  in  the  form  and  position  of  the  propelling  apparatus.     A  great  > 
>  reduction  in  the  dimensions  of  the  machinery,  and  the  surrender  to  the  uses 
(  of  commerce  of  that  invaluable  space  which  it  now  occupies  within  the  ves- 
)  sel,  are  also  essential.     It  is  incumbent  on  the  engineer  who  assumes  the 
<  high  responsibility  of  the  superintendence  of  such  a  project,  to  leave  the  prcs- 
S  ent  packet-ship  in  the  full  and  unimpaired  enjoyment  of  its  functions  as  a  sail- 
J  ing-vessel.     Let  him  combine,  in  short,  the  agency  of  Steam  with  the  undi.T.i 
S  ished  nautical  power  of  the  Ship.     Let  him  celebrate  the  marriage  of  the 
I  steam-engine  with  the  sailing  vessel.     If  he  accomplish  this  with  the  a' "" 
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and  success  of  which  the  project  is  susceptible,  he  may  fairly  hope  that  his 
name  will  go  down  to  posterity  as  a  benefactor  of  mankind,  united  with  those  S 
of  Fulton  and  Watt.  ( 

When  these  reflections  pass  through  the  mind,  it  is  cheering  to  think  that  \ 
!  they  are  neither  visionary  nor  hopeless.     It  is  pleasant  to  reflect  that  the  day  J 
is  most  probably  fast  approaching,  if  not  already  at  hand,  when  such  ideas  will  5 
be  realized — when  we  shal!  behold  a  great  highway  cut  across  the  wide  Atlantic,  J 
Qot  as  now,  subserving  to  those  limited  ends,  the  attainment  of  which  will  \ 
a  high  expense,  but  answering  all  the  vast  and  varied  demands  of  general  c 
merce.     But,  to  secure  advantages  so  extensive,  we  shall  doubtless  be  called  } 
on  to  compromise  something  on  the  score  of  extreme  speed.     It  is  probable, 
if  not  certain,  that  ships  which  would  serve  the  purposes  we  have  here  shad- 
i  owed  out  can  nerer  compete  in  mere  speed  with  vessels  in  which  cargo  is 
I  nothing,  expense  disregarded,  and  expedition  everything.     Be  it  so.     Leave  to 
J  such  vessels  their  proper  functions ;  let  them  still  enjoy  to  some  extent  the 
j  monopoly  of  the  most  costly  branches  of  traffic,  subsidized  as  they  are  by  the 
[  British  treasury.     Let  the  New  York  Steam-Liner,  securing  to  commerce  equal  } 
I  regularity  and  punctuality,  and  probably  more  frequent  despatch,  be  content  J 
i  with  somewhat  less  expedition.     Such  is  consistent  with  all  the  analogic 

There  is  another  consideration  which,  in  commencing  such  a  project,  ought  i 
lot  to  be  omitted.     In  all  great  advances  in  the  arts  of  life,  extensive  improve-  ■ 
nents  are  at  first  attended  with  individual  loss  of  greater  or  lesser  amount. 
(  The  displacement  of  capital  is  almost  inevitably  attended  with  this  disadvan- 
>  tage.     It  is  the  duty,  therefore,  of  the  scientific  engineer,  in  the  arrangement 
(  and  adoption  of  his  measures,  to  consider  how  these  objects  may  be  best  at- 
)  lained  with  the  least  possible  injury  lo  existing  interests.     To  accomplish  this  } 
I  will  not  only  be  a  benefit  to  the  public,  but  will  materially  facilitate  the  realiza-  } 
'ion  of  his  own  objects,  by  conciliating  ia  their  favor  those  large  and  powerful  j 
nterests  whose  destruction  would  be  otherwise  menaced  by  them.     If,  then, 
n  the  present  case,  it  is  found  practicable  with  advantage  to  introduce  into  the 
iresent  packet-ships,  more  especially  into  those  most  recently  constructed,  the 
)  agency  of  steam,  a  very  important  advantage  will  be  gained  for  the  public,  and 
'le  almost  unanimous  support  and  countenance  of  the  commercial  community  J 
will  be  secured.  S 

To  attain  the  objects  here  developed,  it  will  be  evidently  indispensable  to  ( 
■emove  those  impedimenta  which  at  once  disfigure  the  appearance  and  destroy  > 
J  the  efiiciency  of  the  sailing  qualities  of  the  ship  by  the  enormous  and  unsightly  < 
)  excrescences  projecting  from  the  sides  in  the  shape  of  paddle-wheels  and  the  i 
)  wheel-houses,  or  paddle-boxes,  as  they  are  called.  These  appendages  are  < 
J  attended  with  many  evils,  the  least  of  which  is  perhaps  the  impediment  which  5 
S  they  present  to  the  progress  of  the  ship.  Few  are  aware  of  the  amount  of  the  J 
?  resistance  which  the  air  offers  to  the  passage  of  a  large  body  moving  with  e 
J  considerable  velocity.  This  was,  however,  proved  in  a  striking  manner  by  at 
I  extensive  series  of  experiments  made  under  my  superintendence  in  the  years 
,  1838  and  1839  upon  the  English  railways.  The  result  of  these  conclusively  ] 
i  proved  that  at  high  speeds  the  resistance  of  the  air  forms  the  main  obstacle  5 
I  against  which  the  moving  power  has  lo  act.  Now,  although  it  he  true  that  no  J 
j  speed  yet  attained  on  the  ocean  by  steamships  bears  any  comparison  to  the  S 
1  rate  of  transport  on  the  English  railways,  yet  it  cannot  be  doubted  that  when  j 
steamships  work  under  their  greatest  advantages,  their  speed  is  sufficient  to  S 
render  the  atmosphere  a  formidable  source  of  resistance,  and  that  even  at  their  J 
I  average  speed  it  robs  the  moving  power  of  no  inconsiderable  portion  of  it 
I  cacy.     It  ia  therefore  apparent  that  no  means  should  be  neglected 
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from  die  ship  everything  which  can  augment  the  amount  of  this  resistance,  a 
it  is  obvious  that  the  magnitude  of  the  paddle-boxes  and  paddle-wheels  must 
this  respect  form  one  of  ihe  greatest  obstructions. 

But  independently  of  this,  and  admitting  for  a  moment  that  the  propelling  I 
machinery  of  steamships  is  not  obnoxious  to  this  objection,  it  woulij  still  be  } 
subject  to  other  even  more  serious  objections.     In  order  that  a  paddle-    '      ' 
of  the  common  form  should  act  with  complete  efficiency,  it  is  found  in  practice  ) 
{and  this  is  countenanced  by  theory)  that  its  immersion  should  not  exceed  the 
depth  of  the  lowest  paddle-board.     If  the  immersion  become  greater  than  this, 
a  portion  more  or  less  considerable  of  the  moving  power  is  lost  in  the  mere 
elevation  and  depression  of  the  water.     If  the  immersion  be  less,  the  wheel 
whirls  round  without  laying  sufficient  hold  of  the  water  to  obtain  a  reaction 
sufficient  for  the  propulsion  of  the  vessel.     It  is  therefore  apparent  that  so  Jong 
as  the  propelling  power  is  conveyed  through  a  pair  of  paddle-wheels  at  the 
sides  of  the  vessel,  having  the  form  and  structure  of  the  wheels  now  in  gen- 
eral use,  a  due  economy  of  the  moving  power  cannot  be  realized,  except  when  J 
the  vessel  moves  as  it  does  in  inland  navigation,  on  smooth  water,  and  in  a  ] 
fectly  upright  position.     If  the  vessel  leans  to  either  side,  one  wheel  becor 
too  much  and  the  other  too  little  immersed,  and  a  loss  of  power  is  emailed  upon  ) 
both.     If  the  surface  of  the  water  be  rough  and  undulating,  even  though  the  J 
vessel  should  be  kept  strictly  in  an  upright  position,  both  wheels  will  be  mo- 
mentarily varied  in  their  immersion — now  being  too  deeply  and  now  not  deeply 
enough  immersed — and  will  on  both  accounts  entail  on  the  vessel  a  propor- 
tional waste  of  the  moving  power. 

Such  is  the  inevitable  condition  to  which  a  steam-vessel  of  the  present  con- 
sirucrion  is  exposed  in  navigating  the  ocean.     Scarcely  an  hour  throughout  its 
entire  voyage  can  the  impelling  power  work  with  full  and  unimpaired  effi- 
ciency.    Tjie  swell  of  the  ocean  is  incessant,  nor  does  it  even  cease  in  the 
intervals  of  the  abatement  of  the  winds.     The  principles  of  this  reasoning  ap- 
pear so  evident,  that  it  would  be  a  slight  upon  the  understanding  to  enlarge  f 
upon  them.     It  will  be  easily  perceived  that  the  conclusion  is  inevitable,  that  \ 
when  steam-vessels  of  the  present  form  are  applied  to  ocean- voyages,  a  large  i 
proportion  of  the  moving  power  must  be  lost. 

Among  persons  who  have  not  devoted  much  time  to  the  investigation  of  this 
i^uestion,  it  is  a  favorite  argument  to  urge  the  immense  speed  obtained  by  the  S 
steam-vessels  working  with  these  propelling- wheels  upon  the  extensive  inland  J 
waters  of  this  great  continent.  But  there  is  no  analogy  whatever  between  the  i 
cases.  Let  it  be  remembered  that  the  condition  upon  wliich  this  extraordinary  ( 
efficiency  depends  can  never  be  fulfilled  in  sea-going  steamers.  That  effic' 
cy  depends  essentially  on  the  smooth  and  unruffled  surface  of  the  water 
which  the  vessel  moves,  and  the  power  of  the  vessel  to  maintain  itself  i 
constantly  perpendicular  position. 

When  these  observations  are  duly  considered,  it  will  be  readily-admitted  that  J 
the  attainment  of  perfect  efflciency  in  ocean-steamers  with  the  present  propel- 
ling apparatus  is  hopeless. 

But  the  form,  magnitude,  and  position,  of  the  propelling  machinery,  is  far 
from  being  the  only  obstacle  to  the  full  success  of  the  present  steam-vessels 
when  directed  to  the  general  purposes  of  commerce.  The  engines  themselves, 
and  the  boilers,  from  which  the  moving  power  proceeds,  and  the  fuel  by  which  I 
they  are  worked,  occupy  the  very  centre  of  tho  vessel,  and  engross  the  most 
valuable  part  of  the  tonnage.  The  chimney,  which  gives  efficacy  to  the  fur- 
naces, is  also  an  unsightly  excrescence,  and  no  inconsiderable  obstruction. 

If  the  present  form  and  structure  of  steam-vessels  be  obnoxious  to  these  many  i 
serious  objections  when  considered  with  reference  !o  the  purposes  of  general  J 
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}  commerce,  ihey  are  still  more  excepiionable  when  considered  with  rfiference  'o  J 
I  ihe  purposes  of  national  defence.      It  is  undoubtedly  a  great  power  with  whit' 

'  ivest  a  vessel -of- war,  to  confer  upon  it  the  faculty  of  proceeding  ai 
J  immediately,  in  spile  of  the  opposition  of  wind  or  tide,  in  any  direction  which 
)  may  seep  most  fit  to  its  commander.     Such  a  power  would  surpass  the  wild-  ( 
it  dreams  of  the  most  romantic  and  imaginative  naval  commander  of  the  last  J 
)  century.     To  confer  upon  the  vessels  of  a  fleet  the  power  immediately  at  the  i 
j  bidding  of  the  commander  to  lake  any  position  that  may  be  assigned  to  them  J 
?  relatively  to  the  enemy,  or  to  run  in  and  out  of  a  hostile  purl  at  pleasure,  or  fly  I 
with  the  rapidity  of  the  wind  past  tlie  guns  of  formidable  forts  before  giving  f 
;  them  time  to  take  effect  upon  them — are  capabilities  which  must  totally  revo 
J  luiionize  all  the  established  principles  of  naval  tactics.     But  these  powers  a 
j  present  are  not  conferred  upon  steamships  without  important  qualifications  anc 
irious  drawbacks.     The  instruments  and  machinery  from  which  these  powers  J 
re  itnmediately  derived  are  unfortunatelj-  exposed  in  such  a  i 
er  the  exercise  of  the  powers  themselves  hazardous  in  the  extreme.    It  needs  S 
0  profound  engineering  knowledge  to  perceive  that  the  paddle-wheels  are  j 
mineiilly  exposed  to  shot,  which,  taking  effect,  wo  Id  altogether  disable 
essel,  and  leave  her  at  the  mercy  of  the  enemy ;    ind  the  chimney  is  e 
lore  exposed,  the  destruction  of  which  would  render  Jie  vessel  a  prey  to  the  i 
)  enemy  within  itself  in  the  shape  of  fire.     But  besides  these  most  obvious 
5  sources  of  exposure  in  vessels  of  the  present  form  intended  as  a  national  de- 
;  fence,  the  engines  and  boilers  themselves,  being  more  or  less  above  the  water- 
ine,  are  exposed  so  as  to  be  liable  to  be  disabled  by  shot. 
Such  are  a  few  of  the  many  defects  incidental  to  the  present  form  of  sleam- 
<  ships  as  applied  to  the  purposes  of  national  defence. 

When  long  ocean-voyages  are  contemplated,  such  as  those  between  New  < 
\  York  and  the  ports  of  England,  there  is  another  serious  obstacle,  which  ii 
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<  hopes  and  fallacious  anticipations  in  tl 
i  will  be  very  forward  to  commit  themselve 


d  so  mdny  disappointed  J 
mprovement  as  I  have,. 
0  the  results  of  projects  which  } 


J  still  exist  in  a  stale  but  partially  tested  by  experience,  I  cannot  refrain  from  ( 

i  giving  expression  to  a  strong  hope  and  confident  anticipation  that  the  epoch  is 

it  hand  which  will  witness   a  great   advance   in   ocean -navigation,  and  a  gif 

;onferred  by  science  upon  the  arts  not  cquallod  since  the  invention  of  ibf 

5  steamboat  and  the  safety-lamp. 
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It  is  generally  known  that  within  the  last  seven  years  a  f    m    f     b    q 
J  propeller  placed  at  the  stern  of  the  vessel  as  a  substitute  for  1     p  ddl    wh     1 
'las  been  invented  and  patented  by  Captain  Ericsson.     Th  h 

low  been  in  practical  operation  for  so  long  a  lime,  and  in         gr  mb 

ind  variety  of  vessels,  that  we  must  ceaso  to  regard  it  as  a        p     m  I 

)  efficiency  has  been  tested  on  an  extensive  scale.     The  p    p  11  hi 

)  fixed  upon  an  axis  which  is  placed  parallel  lo  the  keel,  and  whi  h  f    m 

stern  of  the  vessel ;  the  wheel  therefore  revolves  with       f  mw    d 

S  In  wheels  of  this  form  and  construction,  the  principle  of  a  g  ' 

\  similar  to  that  of  the  common  smoke-jack.     The  propelling       f        li       b 

sually  placed  at  an  oblique  angle  to  the  course  of  the  v  1  d  h 
?  tended  from  the  axle  or  nave  to  the  outer  edge  of  the  wheel.  Now,  it  will  be 
J  apparent,  even  to  those  who  are  least  familiar  with  mechanical  inquiries,  that 
?  those  parts  of  the  blades  which  are  near  to  the  nave  moving  with  the  least  ve- 
!  locity,  are  the  most  ineiScient  for  propulsion  ;  and  were  it  worth  while,  it  would 
0  very  difficult  matter  to  demonstrate  that  they  are  often,  an  absolute  ob- 
(  struction.  The  outer  ends  of  the  blades,  moving  witli  greater  velocity,  act 
)  with  proportionately  greater  efficiency. 

"       nstances  led  Captain  Ericsson  to  construct  his  wheel  in  such  a 

emove  altogether  those  parts  of  ilie  blades  nearest  to  the  nave, 

J  and  which  were  inefficient  for  propulsion,  retaining  only  those  which  were  moat 

id  most  eiTective.     This  he  accomplished  by  forming  a  hoop  of  metal 

o  with  the  nave,  and  connected  with  it  by  two  or  more  spokes,  to 

lable  which  to  pass  through  the  water  with  the  least  possible  resistance,  he 

i  gave  them  a  twisted  or  spiral  form,  regulated  with  such  mathematical  precis- 

j  ion,  that,  by  the  progressive  motion  of  the  vessel,  combined  with  their  own 

!  rotation,  they  must  always  encounter  the  water  edgewise. 

Drawings  of  (his  propeller,  as  applied  lo  the  Princeton,  are  given  in  figs. 
1,  2,  and  3.  A  section  parallel  to  the  face  of  the  wheel  is  given  in  fig,  1  ;  a 
horizontal  view  is  shown  in  fig.  2  ;  and  a  section  of  the  axle  and  hoop  in  fig.  3. 
The  nave  in  which  the  axle  is  inserted  is  at  N,  from  which  proceed  six  twist- 
ed spokes  R  R,  attached  to  and  supporting  the  hoop  H  H  H,  bolted  on  to  which 
are  six  spiral  propelling  surfaces  P  P,  &c.  The  axis  inserted  in  the  nave  is 
represented  at  A,  fig.  2,  where  the  obliquity  and  spiral  form  of  the  surfaces 
are  also  shown,  as  well  as  the  manner  in  which  they  are  bolted  on  the  hoop. 

In  order  to  give  to  this  wheel  all  the  possible  strength,  six  spiral  spokes 
were  supplied,  one  for  each  propelling  blade.  The  material  of  die  wheel  is 
composition-metal,  which  resists  oxydation. 

A  propeller  has  been  also  supplied  by  Captain  Ericsson  for  the  United  States 
revenue-cutters  LegareandJeiferson,  represented  in  figs.  4, 5,  and  6,  The  corre- 
sponding parts  are  represented  in  the  same  manner  as  in  the  former  diagrams, 
and  are  marked  by  the  same  letters.  In  this  wheel,  the  same  strength  not 
being  necessary,  there  are  only  four  twisted  arms  supporting  the  hoop,  and  the 
material  of  the  propeller  is  wrought  iron. 

Stern-propellers  have  been  invented  and  patented  of  very  various  forms, 
which,  however,  all  agree  in  certain  properiies.  When  they  are  totally  sub- 
merged, with  the  face  of  the  wheel  presented  backward,  their  revolution  causes 
a  current  of  water  to  be  projected  backward  from  the  stern,  the  reaction  of 
which  is  in  fact  the  moving  power.  This  effect  is  produced  in  all  of  them  by 
I  placing  the  surfaces  of  the  radiating  arms  or  plates  in  a  position  inclined  to 
''  the  course  of  iho  vessel.  If  these  surfaces  were  placed  at  right 
keel,  the  revolmion  of  the  wheel  would  make  them  cut  the  water  eagewis 
lull  wuuid  be  obtained.  If,  on  the  contrary,  they  were  parallel 
keel,  with  tiieir  edges  in  the  direction  of  the  vessel's  course,  they  would  drive 
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ihe  water  everywhere  at  right  angles  lo  ihat  course,  and  no  backward  curreni 
would  ,be  produced  ;  but  by  giving  them  a  position  between  these  two  extremes 
— that  is  to  say,  inclined  at  some  oblique  angle  to  the  course  of  the  vessel— 
the  revolution  of  the  wheel  will  cause  ihem  to  exert  a  certain  portion  of  their  S 
force  on  the  water  in  producing  a  backward  current :  and  that  particular  obli- 
quity should  be  given  to  them  which  will  make  that  backward  current  most 
effective. 

The  calculation  of  thia  obliquity  requires  the  application  of  the  principles 
of  mathematical  science,  and  admits  of  a  clear  and  definite  solution.     It  is 
found,  however,  that  the  most  effective  obliquity  for  the  propelling  surface  is  i 
not  the  same  for  all  distances  from  the  centre  of  tte  wheel,  and  consequently  j 
if  the  best  possible  form  be  given  lo  the  propelling  blades,  they  must  be  shaped  i 
according  to  a  certain  spiral  to  be  determined  by  conditions  depending  upon  a 
variety  of  circumstances  connected  with  the  propeller  and  the  vessel  itself. 

Some  projectors,  ignorant  of  these  scientific  principles,  have  constructed  { 
these  propellers  with  plane  surfaces,  without  the  spiral  form.     Such  is 
patented  contrivance  called  Loper's  propeller.     They  are  consequently  and  J 
most  obviously  inefficient.  , 

But  besides  the  proper  adjustment  of  the  obliquity  of  the  propelling  surfaces,  ' 
the  experience  of  Captain  Ericsson  soon  proved  that  the  parts  of  the  blades  '. 
near  the  centre  of  the  wheel  were  not  only  inefficient  for  propulsion,  but  formed  j 
an  impediment  to  the  progress  of  the  vessel.  It  was  for  this  reason,  among  \ 
others,  that  he  cut  away  those  parts  of  the  blades  near  the  centre,  retaining  J 
only  the  more  remote  portions,  and  supported  these  by  bolting  them  on  to  the  \ 
hoop  already  described. 

.  Such  being  the  general  character  of  this  propelling  instrument,  it  will  be  ap- 
parent that  in  every  position  which  it  can  assume  in  the  water,  it  must  pro- 
duce nearly  the  same  propelling  effect.  However  the  ship  may  pitch  or  roll, 
or  however  unequal  the  sm-face  of  the  sea  may  be,  it  will  always  produce  the 
backward  current,  without  any  great  variation  of  effect. 

The  circumstances  which  prevent  the  co-operation  of  the  power  of  steam  j 
with  that  of  the  sails  in  the  steam-vessels  now  in  use,  will  not  operate  with  a  i 
propeller  of  this  form,  inasmuch  as  its  efficacy  will  be  altogether  independent  J 
of  the  careening  of  the  ship  ;  but  although  this  defect  is  removed,  the  sub-  ■ 
merged  stem -propellers  are  still  subject  to  objections  from  which  even  the  | 
common  paddle-wheels  are  free.  Being  permanently  submerged  and  liable  to  ■ 
accidental  fracture  and  derangemen  f  om  a  u  auses,  they  are  inacces-  ' 
sible,  and  cannot  be  repaired  at  sea ;  bu  be  d  s  h  s  when  the  object  in  view  ■ 
is  to  take  full  advantage  of  the  powe  of  he  a  Is  ha  of  the  machinery  being  i 
suspended,  the  submerged  propeller  b  m  s  an  ob  ruction,  more  or  less  c 
siderable,  to  the  progress  of  the  vess  1 

An  invention,  however,  recently  pa  n  d  by  Cap  ain  Ericsson,  has  finally  \ 
removed  this  difficulty,  and  placed  it  1     h    p  ol  he  commander  at  any  time  > 

within  the  space  of  five  minutes  to  raise  the  propeller  out  of  the  water,  or  to  ; 
submerge  it,  so  as  to  convert  for  all  intents  and  purposes  a  steamer  into  a  sail- 
ing-vessel, or  a  sailing-vessel  into  a  steamer,  as  he  may  see  fit. 

The  shaft  on  which  the  propelling- wheel  is  fixed  is  provided  with  a  simple 
mechanism  within  the  vessel  by  which  it  may  be  easily  at  any  time  drawn  out  } 
of  the  nave  of  the  wheel.  The  wheel  itself  is  sustained  by  a  powerful  vertical  arm,  S 
the  upper  end  of  which  is  attached  to  a  strong  axis,  wMch  enters  the  vessel  j 
parallel  to  the  main  axis  of  the  wheel  and  above  the  summit  of  the  wheel.  To  J 
this  axis  within  the  vessel  is  attached  a  piece  of  mechanism  by  which  it  may  < 
be  turned  through  half  a  revolution  by  the  power  of  two  men  with  such  force  J 
that  the  propeller  will  be  made  to  perform  half  a  revolution  round  the  upper  J 
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3nd  of  the  vertical  arm  which  supports  it,  by  which  that  arm  will  be 
!  upward  instead  of  downward.     The  wheel,  therefore,  instead  of  being  sub- 
erged,  will  be  supported  at  the  stern  of  the  vessel  at  the  place  where  a  boat 
1  is  usually  suspended. 

~he  vessel  win  thus  be  free  from  all  obstruction  in  passing  through 
;r,  and  will  acquire  all  the  efficiency  which  any  mere  sailing-vessel 
;,  besides  which  the  propeller  is  placed  in  such  a  situation  that  it  may  be 
J  repaired  if  necessary. 

n  shaft  which  drives  the  propeller  when  submerged  is  at  a  depth 
r  eight  feet  under  the  lower  deck.  The  cylinders  by  whi 
e  supported  in  a  slanting  position  on  the  timbers  of  the 
)  their  piston-rods  being  presented  toward  the  crank  on  the  shaft,  which  they 
I  drive  in  the  usual  manner  by  connecting-rods.  The  boilers  and  the  fuel 
j  py  the  space  immediately  forward  of  the  cylinders.  The  entire  machinery, 
including  the  boilers  and  fuel,  are  below  the  second  deck  of  the  vessel. 
Such  are  the  general  features  of  tho  arrangements  projected  by  Capti 
5  Ericsson,"  and  proposed  to  be  adopted  in  a  line  of  steam  packet-ships  lo  ply 
J  between  New  York  and  Liverpool.  The  first  of  these  vessel! 
(  advanced  state  at  Boston,  and  the  machinery  is  in  progress  in  New  York. 
)  It  is  expected  that  this  ship  will  make  her  first  voyage  in  August,  1845. 

The  fuel  lo  be  used  is  hard  coal,  and  the  furnaces  will  be  ventilated  by 
\  blowers,  worked  by  the  engine.  There  will  be  no  smoke,  nor  any  need  of 
(  the  draught  produced  by  a  chimney,  and  therefore  that  appendage  will  have 

0  other  use  than  as  an  exit  for  the  gases  evolved  in  the  combust 
I  square  tunnel  designed  for  this  purpose  is  carried  from  the  machinery  upward 
i  through  the  two  decks,  terminating  on  the  poop-deck,  where  a  sliding  tube, 
j  having  a  motion  like  a  tele  scope -joint,  by  which  a  short  discharge-pipe  for 
f  the  hot  air  and  offensive  gases  can  be  elevated  when  the  machinery  is  worked, 
]  and  which  can  be  lowered  when  the  vessel  is  under  sail. 

Such  a  vessel,  then,  presents  none  of  the  appearances,  internal  or  external, ,| 

)f  a  steamer.     There  is  no  visible  machinery,  no  noise,  heat,  smoke, 

jeptible  vibration.     The  main-deck,  clear  of  machinery  from  stem  to  s 

i  occupied  by  the  cabins,  saloons,  library,  state-room,  and  the  various  other  ac-  t 

mphBofgeniOflilifre  all  aublunary  pleasures,  are  Dolanatteaded"wiUi  alloy.  The  moment  / 
)  that  any  inveadon  proves  to  be  euccesafnl  in  practice,  a  awnnn  of  vermin  8re  fbslered  into  being  to  J 
?  devont  the  legitimate  profits  of  the  invenlor.andlo  rob  geniusofita  air  reward.  Captain  EKlca 
(  BO  long  as  his  submerged  propeller  retained  the  ebaracter  of  a  mere  experiment,  was  left  in  ui 
C  torbed  posaesfflon  of  it;  bat  when  tt  had  foreed  it?  way  hjto  extensive  practical  use — when  ft 
(  adopted  in  tho  United  States  navy,  and  in  the  revenue  service— when  the  coast  of  this  conntry 
(  nessed  its  application  in  numerous  commercial  veaaola — when  it  was  known  that  in  JTranee 
J  England  its  adoption  was  decided  upon— then  the  discovery  wss  made  fcr  the  tirst  time  that 
(  invention  of  Captain  Ericsson's  was  no  invention  at  all — that  it  bad  been  applied  since  the  eaj 

}  dates  in  eteamnavigation.    Oid  patents,  some  of  which  had  ■■-—    "'"' —■' 

'jT  years  dead  and  buried,  were  du^  from  their  gravet 


It  all ;  every  mechanical  i 
capiAle  of  copymg  Uii 


entcd  by  a  ao-oslied 

stripped  Ericsson's  contrivance  of  everything  thi 

bad  features  which  could  possibly  attach  to  the  a 

It  is  pajnfnl  to  be  compelled  to  state  that  these 


,_  Captain  Ericsson  his  iuatly-eamcd  rcwi 
11  has  about  it  accideata  and  essentials.    !■  " 
pf  realising  the  spirit  or  producing  llie  a 
nts  and  luere  forms.     The  stioceas  of  Ericssin  ,  mv^-n-    , 
of  this  kind :  and  the  smoke-jack  was  accordingly  pat-    , 
Philadelphia,  in  which,  with  a  Mngular  obliquity  of  ini^i    '"     '  ' 
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i  commodations  for  passengers.     Under  that,  the  second  or  freight  deck,  also 
S  clear  of  machinery  from  stem  10  stem,  is  occupied  by  the  cargo  ;  and  beneath 
(  this  again,  buried  in  the  very  boltom  of  the  vessel,  is  the  mecTianical  power  of  / 
{  propulsion — occupying,  however,  only  about  one  fifth  of  the  space  below  the  J 
(  freight-deck.     The  square  tunnel  we  have  referred  to  for  the  discharge  of   < 
)  the  gases,  and  the  ventilation  of  the  engine-room,  is  carried  up  through  the  ' 
J  decks  and  staads  in  one  of  the  saloons,  but  presents  no  other  appearance  to 
)  the  eye  than  that  of  a  pillar  five  feet  square,  handsomely  enipannelled  and 
J  decoraied,  and  adorned  with  mirrors.     The  freight-deck  being  interposed  be- 
ween  the  cabins  and  the  machinery,  intercepts  all  noise  and  vibration. 
When  this  mode  of  propulsion  is  applied  to  vessels-ofTwar,  as  in  the  case  of 
J  the  Princeton,  there  is  still  another  object  to  be  accomplished.     It  is  desirable  J 
J  that  the  whole  of  the  machinery  should  be  below  the  water-line,  so  as  to  bi 
?  efiectually  protected  from  shot.     This  is  accomplished  by  engines  of  a  peculia 
mstruction,  invented  and  patented  by  Captain  Ericsson,  which  have  been  \ 
orked  with  complete  success  in  the  Princeton.     A  representation  of  these, 
transverse  vertical  section,  is  given  in  fig.  7.     It  consists  of  two  semi-cylin- 
l  ders,  presenting  their  semicircular  sides  downward,  and  being  flat  at  the  lop. 
J  They  are  placed  beside  each  other  above  the  main  shaft,  having  their  axes 
lUel  to  it  and  to  the  keel.     The  ends  of  the  axes  are  represented  at  A  B. 
J  To  these  axes  are  attached  vibrating  rectangular  planes,  which  move  alter- 
f  nately  from  left  to  right,  and  right  to  left,  within  the  semi-cylinders,  and  in 
i  steam-tight  contact  wilh  them.     These  planes  are  attached  to  the  ases  of  the 
i  cylinders,  the  ends  of  which  appear  at  A  and  B,  so  that  the  vibrating  motion  \ 
S  of  the  planes  will  impart  a  corresponding  motion  to  the  arms  A  E  and  B  F,  \ 
I  attached  to  the  ends  of  the  axes  A  and  B.     The  ends  of  these  arms  E  and  F  > 

attached  to  two  connecting-rods,  E  D  and  F  D,  which  are  both  attached  to 
{  the  crank  S  D,  which  drives  the  main  shaft. 

The  steam  is  admitted  ai-emately  to  each  side  of  the  vibrating  planes  wiih- 
(  ^n  the  semi-eyUnders,  being  at  the  same  time  withdrawn  from  the  other  side 
)  by  a  condenser. 

The  action  of  the  connecting-rods  on  the  crank  will  be  best  understood  by  f 

5  following  them  successively  through  their  various  positions.     In  fig.  8,  the  \ 

i  rod  F  D  is  in  the  position  in  which  it  has  no  power  on  the  crank  :  but  the  ! 

j  rod  E  D,  being  at  right  angles  with  the  crank,  has  full  effocl  upon  it.     The  \ 

i  crank  therefore  moves  from  the  position  represented  in  Hg.  8,  to  the  position  f 

represented  in  fig.  9,  where  the  rod  E  D  becomes  powerless.     The  crank  is  \ 

then  driven  to  the  position  represented  in  iig.  10,  where  the  rod  D  F  becomes  ) 

f  again  powerless,  and  E  D  is  efi«ctive.     The  crank  is  then  moved  to  the  posi- 

■=.on  represented  in  fig.  11,  where  E  D  is  powerless  and  F  D  effective,  and  i 

Thus  it  appears  by  this  arrangement  that  the  relative  positions  of  the  crank  f 
?  and  connecting-rods  are  such  as  to  exercise  a  uniform  action  on  the  main  shall 
i        The  space  occupied  by  the  machinery  in  the  lower  part  oi  the  stern  of  the 
J  vessel,  is  surrounded  by  fuel,  as  represented  in  figure  7,  and  the  whole  is 
;onsiderably  below  the  water-line  W. 

This  machinery  is  designed  only  for  war-vessels.  Its  construction  and  op  ■ 
iration  are  somewhat  too  expensive  to  be  used  for  the  mere  purposes  of  com- 
nerce,  where  the  advantages  of  its  being  placed  below  the  water-line  are  of  no 

The  steam  packet-ships  to  which  we  have  referred  are  calculated  to  make  ( 
in  average  speed  of  nine  statute  miles  per  hour  when  in  full  operation.     It 
i  computed  that  they  can  maintain  the  communication  between  New  York  a 
1  Liverpool  with  regularity  and  despatch — the  average  western  passage  bei 
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i  about  twenty  and  tie  eastern  sixteen  days — their  steam-machinery  working  i 
}  for  about  one  third  the  time  of  the  voyage. 

1  comparing  these  vessels  with  the  Great  Western,  it  is  to  be  considerei 
f  that,  in  order  to  enable  the  latter  vessel  to  make  an  average  speed  of  ten  mile* 
<  she  is  provided  with  fonr-hundred-horse  power  ;  while  the  power  proposed  to  J 
[  be  given  to  the  ship  now  in  preparation  being  only  that  of  one  hundred  a 
seventy-three  horses,  would  give  a  speed  of  seven  and  a  half  knots  per  hour, 
which  is  equivalent  to  nine  statute  miles.  Such  is  the  result  of  a  calculation 
{  made  on  the  ordinary  and  admitted  principles  of  mechanics.  It  appears,  then, 
J  that  by  the  small  sacrifice  of  twenty-five  pet  cent,  of  the  speed,  the  power  of 
■  nachinery  is  reduced  in  the  proportion  of  forty  to  seventeen  ;  and  the  con- 
ption  of  fuel,  and  the  space  occupied  by  it  and  by  the  machinery,  are  di- 
S  niinished  in  a  greater  ratio  than  six  to  one.* 

_.et  us  consider  for  a  moment  the  effect  which  the  successful  establishment  j 
\  of  such  a  line  of  steamships  would  have  upon  the  intercourse  between  this  < 
)  tinent  and  Europe.  The  average  passage  of  the  Great  Western  to  New  York  ( 
J  has  been  fifteen  days  and  nineteen  hours.  That  of  the  Cunard  ships  to  Boston  j 
been  thirteen  days.  It  appears,  therefore,  that  these  vessels  at  present  ( 
(  bring  occasional  intelligence  to  New  York,  the  one  in  sixteen  and  the  other  in  J 
\  fourteen  days.  The  proposed  line  of  steamships  will  accomplish  the  s. 
J  passage  in  twenty  days  ;  but  as  they  must,  if  successful  at  all,  be  as  nume: 
s  the  present  London  and  Liverpool  liners,  they  will  be  continually  dropping  ( 
__ito  this  port,  keeping  up  a  never-ceasing  stream  of  intelligence,  not  more  than  } 
?  twenty  days  later  from  Europe.  Instead,  therefore,  of  the  present  mail-steam- 
i,  bringing,  as  they  do  now,  intelligence  in  winter  often  thirty  days  later,  | 
d  in  summer  fifteen  days  later,  their  functions  will  be  limited  to  the  convey- 
ce  of  news  occasionally  five  or  six  days  later.  In  a  word,  it  is  evident  1 
it  the  line  of  packet-ships  now  contemplated  will  to  a  great  extent  strip  the  C 
i  present  mail-steamers  of  their  great  importance,  not  merely  as  respects  intelli-  J 
[  gence,  but  also  correspondence.  A  great  epoch  is  indubitably  at  hand. 
)  One  of  the  numerous  advantages  attending  these  arrangements  is,  that  the  1 
\  machinery  is  capable  of  being  applied  to  any  of  the  present  packet-ships  with-  ( 
)  out  any  serious  suspension  of  their  operation,  or  any  injurious  expenditu"  " 
t  If  the  experiment  about  to  be  made  shall  therefore  be  attended  with  that  s' 
s  which  we  confidently  anticipate,  a  brief  period  will  be  sufKcient  to  & 
1  the  entire  fleet  of  packet-ships  between  New  York  and  Britain  into  stea 
5  liners— uniting  the  expedition,  certainty,  and  regularity,  with  all  their  present  } 
[  capabilities  for  commerce  and  cargo. 

•  This  great  redoclioQ  of  bulk  of  fnel  u  realized  eiieSy  by  naing  tbe  expooeive  prlncipl. 
considerable  extent 
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In  tlie  history  of  human  discovery,  there  are  few  more  impressive  lessons 
of  humility  than  that  which  is  \o  be  collected  from  the  records  of  the  progress 
by  which  the  pressure  of  the  atmosphere  which  surroimds  us,  and  the  manner 
in  which  it  is  instrumental  in  producing  some  most  ordinary  phenomena, 
became  known.  Looking  back  from  the  point  to  which  we  have  now  attained, 
and  observing  the  numerous  and  obvious  indications  of  this  effect  which  pre- 
sent themselves  at  all  times,  and  on  all  occasions,  nature  seems  almost  to  have 
courted  the  philosopher  to  the  discovery.  With  every  allowance  for  the  feeble- 
ness of  the  human  understanding,  and  for  the  disadvantages  which  the  ancients 
labored  under,  as  compared  with  more  recent  investigators,  still  one  is  inclined  to 
attribute  the  lateness  of  the  discovery  of  the  atmospheric  pressure  and  its  effects, 
not  altogether  to  the  weakness  and  inadequacy  of  the  mental  powers  applied 
to  the  investigation.  There  seems  to  be  something  of  wilful  perverseness  and 
obstinacy  instigating  men  to  step  aside  from  that  course,  and  to  turn  their  minds 
from  those  instances  which  nature  herself  continually  forces  upon  them. 

The  ancient  philosophers  observed  that,  in  the  instances  which  commonly 
fell  under  their  notice,  space  was  always  filled  by  a  material  substance.  The 
moment  a  solid  or  a  liquid  was  by  any  means  removed,  immediately  the  sur- 
rounding air  rushed  in  and  filled  the  place  which  it  deserted;  hence  they 
adopted  the  physical  dogma  that  nature  abhors  a  vacuum.  Such  a  proposition 
must  be  regarded  as  a  figurative  or  poetical  expression  of  a  supposed  law  of 
physics,  declaring  it  to  be  impossible  that  space  could  exist  unoccupied  by  matter. 

Probably  one  of  the  first  ways  in  which  the  atmospheric  pressure  presented 
itself  was  by  the  effect  of  suction  with  the  mouth.  One  end  of  a  tube  being 
immersed  in  a  liquid,  and  the  other  placed  between  the  hps,  the  air  was  drawn 
from  the  tube  by  the  ordinary  process  of  inhaling ;  the  water  was  immediately 
observed  to  fill  the  tube  as  the  air  retreated.  This  phenomenon  was  accounted 
for  by  declaring,  that  "  nature  abhorred  a  vacuum,"and  that  she,  therefore, 
pelled  the  water  to  fill  the  space  deserted  by  thi 
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The  effects  of  suction  by  the  mouth  led,  by  a  natural  analogy,  to  suction  by  I 
5  artificial  means.     If  a  cylinder  be  open  at  both  ends,  and  a  piston  playing  in 
ir-iight  be  moved  to  the  lower  end,  upon  immersing  this  lower  end  in  watf 
5  and  then  drawing  up  the  piston,  an  unoccupied  space  would  remain  betwei 
"e  piston  and  the  water.     "  But  nature  abhors  such  a  space,"  said  the  ancien 
"  and  therefore  the  water  will  not  allow  such  a  space  lo  remain  unoccupied  :  \ 
i  find,  accordingly,  that  as  the  piston  rises  the  water  follows  it."     By  such  poetical  J 
oning  pumps  of  various  kinds  were  constructed. 

he  antipathy  entertained  by  nature  against  an  empty  space  served  the  pur- 
ls of  philosophy  for  a  couple  of  thousand  years,  when  it  so  happened  that  ) 
e  engineers  employed  at  Florence  in  sinking  pumps,  had  occasion  W 
cl  one  to  raise  water  from  an  unusually  great  depth.     Upon  working  it,  they  S 
i  found  that  the  water  would  rise  no  higher  than  about  thirty-two  feel  above  the  J 
j  well.     Galileo,  the  most  celebrated  philosopher  of  that  day,  was  consulted  in 
5  this  difficulty,  and  it  is  said  that  his  answer  was,  that  "  nature's  abhorrence  of  a 
)  vacuum  extended  only  to  the  height  of  thirty-two  feet,  but  that  beyond  this  her  } 
J  disinclination  lo  an  empty  apace  did  not  extend."     Some  writers  deny  the  fact  ( 
I  of  his  having  given  this  answer  ;  others  admit  it,  but  take  it  to  have  been  iron-  ) 
5  ical.     It  has  been  more  generally  taken  as  a  solution  seriously  intended.     It  ( 


0  the  point,  | 
'  and  sought  < 


I  exerted  upon  that  C 


i,  however,  that  Galileo,  having  his  a 

on  saw  the  absurdity  of  the  maxim  that  "  nat 

account  for  the  phenomenon  in  other  ways. 

He  attributed  the  elevation  of  the  water  tc 
liquid  by  the  piston.     This  attraction  he  conce 
sity,  and  when  such  a  column  of  water  was  raised  as  was  equal  in  weight  t 
the  whole  amount  of  the  attraction,  then  any  farther  elevation  of  the  water  by  ) 
the  piston  became  impossible. 

At  a  very  remote  period  air  was  known  to  possess  the  quality  of  weight.  , 
Aristotle  and  other  ancient  philosophers  expressly  speak  of  the  weight  of  a' 
The  process  of  respiration  is  attributed  by  an  ancient  writer  to  the  pressure 
the  atmosphere  forcing  air  into  the  lungs.  Galileo  was  therefore  fully  aware  that  < 
the  atmosphere  possessed  this  property,  and  it  is  not  a  little  surprising  that  j 
when  his  attention  was  so  immediately  directed  to  one  of  the  most  striking  J 
effects  of  it,  he  was  unable  to  perceive  the  connexion. 

Some  writers  affirm,  we  know  not  upon  what  authority,  that  Galilee 
time  he  was  interrogated  respecting  the  limited  elevation  of  water  in  a  i 
pump,  was  aware  of  the  true  cause  of  the  effect ;  but  that,  not  having  thoroughly  J 
investigated  the  subject,  he  evaded  the  question  of  the  engineers,  with  a  vii 
to  conceal  his  knowledge  of  the  principle  until  he  had  carried  his  inquiry  t( 
more  satisfactory  result.  It  does  not,  however,  appear  that  he  published  his  > 
solution  of  the  problem.  After  his  death,  Torricelli,  his  pupil,  directed  his  at-  J 
tention  to  the  same  problem.  He  argued  that  whatever  be  the  cause  which  ( 
sustained  a  column  of  water  in  a  common  pump,  the  measure  and  the  energy  | 
of  that  power  must  be  the  weight  of  the  column  of  water  ;  and,  consequently,  , 
if  another  liquid  be  used,  heavier  or  lig"hter,  bulk  for  bulk,  than  water,  then  j 
the  same  force  must  sustain  a  lesser  or  greater  column  of  such  liquid.  By  j 
using  a  much  heavier  liquid,  the  column  sustained  would  necessarily  be  much  J 
shorter,  and  the  experiment  in  every  way  more  manageable. 

He  therefore  selected  for  the  experiment  mercury,  the  heaviest  known  liquid. 
The  weight  of  mercury,  bulk  for  bulk,  being  about  13^  times  that  of  water,  it 
follows  that  the  height  of  a  column  of  that  liquid  which  would  be  sustained  by  ( 
a  vacuum  must  be  13J  times  less  that  the  height  of  a      ' 
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luputed  that  the  1 


It  of  the  column  of  mercury  would  be  ) 
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J  about  28  inches.     He  procured  a  glass  tube,  A  B  (fig.  1),  more  than  30  inches  } 

a  length,  open  at  one  end.  A,  and  closed  at  the  other  end,  B.     Placing  this  \ 

J  tube  in  an  upright  position,  with  the  open  end  upward,  he  filled  it  with  mer-  J 

J  cury,  and  applying  his  finger  to  the  end  A,  so  as  to  prevent  the  escape  of  the  \ 
i  mercury,  he  inverted  the  lube,  plunging  the  end  A  into  a  cistern,  C  D  (fig.  2), 
J  containing   mercury,  the  open  end  A  being  below  the  surface  F  of  the  mei- 

J  cury  in  the  cistern,  and  no  air  having  been  allowed  to  communicate  with  it.  j 


Upon  removing  the  finger,  therefore,  the  mercury        h  m 

»ntact  with  the  mercury  in  the  lube,     Irn      d       I      h 
id  to  subside  from  the  top  of  the  tube,  an  I  1        j 

o  the  level  E,  about  28  inches  above  the  n  ury  1 
S  result  was  what  Torticelli  anticipated,  and  clearly  h  w  d  h 
5  supposition  that  nature's  abhorrence  of  a  vacuum  d  d       1 

J  feet.     Torricelli  soon  perceived  the  true  cause  of  1      ph 
5  mospheric  pressure  acting  upon  the  surfa      —      ■  -      ■ 


S  tected  from  this  pressure  by  the  closed  end  B,  of  il 
[  of  the  column  E  F.  This  pressure  was  transmi 
S  the  cistern  from  the  external  surface  F  to  the  ba 
j  the  tube. 

This  experiment  and  pi  b 

j  every  part  of  Europe,      dm  h 

(  brated  Pascal.     In  ord  Ij         1         pi 

,  Pascal  propo    d  n  p  b      f  h 

)  upon  a  mountain,  and  d  h       f  h  h 

J  the  tube  were  the  weigh     f  h  ph  g 

)  of  the  mercury  in  the  m    h  m       b        p 

t  elevated,  having  a  less      d      1       q  y    f     m    p! 

j  sustained  by  the  weigh     f  h  mb  ph       m 

J  diminution  in  height.     He  accordingly  directed  3 
{  neighborhood  of  a  mountain  called  Pays  de  Di 


pp       d  h    w    ght  j 


h  1    u  face  } 

d   h      f  h 

b  h        lumn  / 

ff    a     rr    pond-  J 

friend  residing  in  the  / 

.■ergne,  to  ascend  { 


!  that  mountain,  carrying  with  him  the  apparatus  already  described.      This  \ 
?  accordnigly  done,  and  the  height  of  ihe  column  noted  during  the  ascent.     Con- 
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j  formably  to  the  principle  explained  by  Totricelli,  the  column  was  observed  J 
)  gradually  to  diminish  in  height,  as  the  elevation  of  the  apparatus  was  increased,  i 
same  experiment  was  repeated  by  Pascal  himself,  with  similar  success,  | 
)  upon  a  high  tower  in  the  city  of  Paris. 
(  Meanwhile  other  effects  were  manifested  which  not  less  unequivocally  ' 
)  proved  the  truth  of  Torricelli's  solution.  The  apparatus  being  kept  for  a  length  ? 
t  of  time  in  a  fixed  position,  the  height  of  the  column  was  observed  to  fluctuate  ' 
S  from  day  lo  day  between  certain  small  limits.  This  effect  was,  of  coi 
(  be  attributed  lo  the  variation  of  the  weight  of  the  incumbent  atmospher 

ing  from  various  meteorological  causes. 
The  apparatus  which  we  have  just  described  is,  in  fact,  the  common  barom-  j 

ter.     By  the  principles  of  hydrostatics  it  appears  ihat  the    height  of  the  col-  ? 

mn  E  F,  sustained  by  the  atmospheric  pressure,  will  be  the-  same,  whatever  } 
)  be  the  magnitude  of  the  bore  of  the  tube.     If  we  suppose  the  section  of  the 
(  bore  to  be  equal  to  a  square  inch,  then  the  column  E  F  will  be  pressed  up- 
>  ward,  and  held  in  equilibrium  by  the  weight  of  a  column  of  atmosphere  pres- 
<  sing  upon  a  square  inch  of  the  external  surface  F  ;  consequently  the  weight  of  J 
{  the  column  E  F,  must  be  equal  to  the  weight  of  a  column  of  the  atmospher 
whose  base  is 


)  cury  m  the 
j  whose  bore 
)  the  column 
(  half  a  squai 


inch,  and  which  extends  from  the  surface  of  the  n 
stern  to  the  lop  of  the  atmosphere.  If  there  be  another  tube 
.  only  half  a  square  inch,  then  the  pressure  which  will  support  ! 
it  will  be  that  of  a  similar  column  of  atmosphere,  whose  base  is  j 
inch ;  such  pressure,  then,  will  only  be  half  the  amount  of  the  j 
and  therefore  will  only  sustain  half  the  weight  of  mercury.  But  a  i 
column  of  mercury  of  half  the  weight,  having  a  base  of  half  the  magnitude,  ', 
must  necessarily  have  (he  same  height.  Hence  it  appears  that  so  long  as  the 
atmosphere  presses  upon  a  given  magnitude  of  the  surface  F,  with  the  same  | 
intensity,  the  column  of  mercury  sustained  in  the  (ube  will  have  the  same  ' 
height,  whatever  be  the  magnitude  of  its  bore. 

In  adapting  such  an  apparatus  as  this  to  indicate  minute  changes  in  the  pres- 
sure of  the  atmosphere,  there  are  many  circumstances  to  be  attended  to,  which  S 
I  propose  to  explain,  so  far  as  they  are  necessary  to  render  intelligible  the  J 
general  principles  and  use  of  the  barometer. 

It  is,  in  the  first  place,  necessary  lo  have  the  means  of  measuring  exactly  J 
the  height  of  the  column  E  F,  fig.  3.     If  the  surface  F  were  fixed,  and  the  ) 
tube  B  A  maintained  in  its  position,  it  would  be  sufKcient  to  mark  a  graduated  J 
scale  upon  the  tube,  indicating  the  number  of  inches  and  fractions  of  an  inch 
of  any  part  upon  it,  from  the  surface  F.  But  it  is  obvious  that  this  will  not  be  the 
case  when  the  ■pressure  of  the  atmosphere  is  increased,  as  an  additional  quan- 
tity of  mercury  is  forced  into  the  tube,  and  consequently  an  equal  quantity  is 
forced  out  of  the  cistern.     While  the  surface  E  rises  toward  B,  the  surface 
F  therefore  descends,  and  the  distance  of  E   from  that  surface  is  increased  by  J 
both  causes. 

A  graduated  scale  marked  upon  the  lube  would  then  only  indicate  the  change  J 
in  the  position  of  the  surface  E,  but  would  not  show  the  change  in  the  length  / 
of  the  column  E  F,  so  far  as  that  change  is  affected  by  the  fall  of  the  surface  j 
F.     There  are  several  ways  in  which  this  defect  may  be  remedied. 

If  the  instrument  be  not  required  to  give  extremely  accurate  indications, 
will  be  sufficient  lo  use  a  tube  the  bore  of  which  is  small  compared  with  the  j 
magnitude  of  the  cistern.  In  this  case,  a  small  change  in  the  height  of  the  i 
column  will  make  but  a  very  inconsiderable  change  in  the  whole  quantity  of  J 
mercury  in  the  cistern,  and  therefore  will  produce  a  very  minute  effect  upon  J 
the  position  of  the  surface  F.  If  such  a  change  in  the  level  F,  be  so  small  as  ) 
to  affect  the  indications  of  the  instruments  in  a  degree  which  is  unimportant  ! 
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for  the  purposes  to  which  it  is  intended  to  be  applied,  the  surface  F  may  be 
regarded  as  fixed,  and  the  whole  change  in  the  height  of  tbe  column  may  be 
taken  to  be  represented  by  the  change  In  the  position  of  the  level  E.  All  or- 
dinary barometers  are  constructed  in  this  manner.  But  it  is  not  difficult  to  ad- 
just a  scaJe  upon  a  tube  which  will  give  with  accuracy  the  actual  variation  in 
the  length  of  the  column  by  means  of  the  change  in  the  level  of  the  surface 
E.  Let  ua  suppose  that  the  cistern  P  D  has  a  flat,  horizontal  bottom  and  per- 
pendicular sides,  and  that  the  magnitude  of  the  bottom  bears  a  certain  known 
proportion  to  the  boro  of  the  tube.  Suppose  this  proportion  to  be  that  of  a 
hundred  to  one.  If  the  pressure  of  the  atmosphere  increase,  so  as  to  cause  the 
column  of  mercury  sustained  in  the  tube  to  be  increased  in  height  by  one  inch, 
then  as  much  mercury  as  fills  one  inch  of  the  tube  will  be  withdrawn  from  the 
cistern  ;  but  as  the  base  of  the  cistern  is  one  hundred  limes  greater  than  the 
bore  of  the  tube,  it  is  evident  that  this  inch  of  mercury  in  the  tube  would  only 
cause  a  fall  of  the  hundredth  of  an  inch  in  depth  of  the  mercury  in  the  vessel. 
Consequently  it  follows  that  the  increased  elevation  of  an  inch  in  the  column 
produces  a  depression  of  a  hundredth  of  an  inch  in  the  surface  F.  Thus  it 
appears  that  the  increased  length  of  the  column  E  F,  is  produced  by  the  sur- 
face F,  falling  through  the  one  hundredth  of  an  inch,  whfle  the  surface  E  rises 
through  ninety-nine  hundredths  parts  of  an  inch.  The  same  will  be  true 
whatever  change  takes  place  in  the  height  of  the  column.  We  may  therefore 
infer  generally,  that  whatever  variation  may  be  produced  in  the  surface  E,  the 
consequent  variation  produced  in  the  height  of  the  column  is  greater  bya 
nine  ly-ni  nth  part. 

If,  then,  the  lop  be  so  graduated  that  a  portion  of  it,  the  length  of  which  is 
one  huudredth  part  less  than  an  inch,  be  marked  as  an  inch,  and  all  other  di- 
visions and  subdivisions  marked  according  to  the  same  proportion,  then  the 
indications  will  be  as  accurate  as  if  the  surface  F  were  fixed,  the  lube  being 
divided  accurately  into  inches  and  parts  of  an  inch. 


The  barometer  is  represented  mounted  and  furnished  with  a  scale,  in  fig.  3. 
The  glass  tube  is  surrounded  by  one  of  brass  in  which  there  is  an  aperture  cut 
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THE  BAB.0 METER. 

}  at'D  E,  of  such  a  length  and  at  such  a  height  above  the  cistem,  as  to  hiclode 
all  that  space  through  which  the  level  of  the  mercury  in  the  tube  usually  va- 
ries in  the  place  in  which  the  barometer  is  intended  to  be  used.  In  these 
countries  the  level  of  the  mercury  never  falls  below  twenty-eight  inches,  nor 
rises  above  thirty-one  inches ;  consequently  a  space  somewhat  exceeding  these 
)  limits  will  be  sufficient  for  the  opening  D  E.  The  tube  is  permanently  con- 
J  nected  with  the  cistern  A  B,  and  a  scale  is  engraved  upon  the  brass  tube,  near 
(  the  aperture  D  E,  to  indicate  the  fractions  of  the  height  of  the  mercury  in 
j  the  lube. 

■  There  is  another  method  of  avoiding  the  difficulty  arising  from  the  change 
n  the  level  of  the  surface  of  the  mercury  in  the  cistern,  used  in  the  barometer  | 
I  here  represented.     The  bottom  of  the  eistem  moves  within  it  in  such  a  nuan-  , 
T  as  to  prevent  the  mercury  from  escaping,  and  a  screw  is    inserted   af  ■ 
by   turning   which  the   bottom    of   the    cylinder  is  slowly   elevated  or 
1  depressed.     An  ivory  index  is  attached  to  the  top  of  the  cylinder,  which  is 
1  downward  and  brought  to  a  tine  point,  so  as  to  mark  a  fixed  level. 
5  When  an  observation  is  made  with  the  barometer,  the  screw  V  is  turned  until 
\  the  surface  is  brought  accurately  to  the  point  of  the  index,  by  raising  or  low- 
J  ering  the  bottom  according  as  the  surface  is  below  or  above  that  point.     It  fol- 
\  lows,  therefore,  that  whenever  an  observation  is  made  with  this  instrument,  the 
J  surface  of  the  mercury  always  stands  at  the  same  level,  and  therefore  the  di- 
-isions  upon  the  scale  C  F,  represent  the  actual  change  of  height  in  the  bar- 
imeiric  column. 
Since  the  column  of  mercury  sustained  in  the  barometric  tube  is  Uken  to 
{  represent  the  pressure  of  the  atmosphere,  it  is  clear  that  no  air  or  other  elastic 
(  fluid  should  occupy  the  part  of  the  tube  above  the  mercury.     'I'o  avoid  such  a 
J  of  error  is  not  so  easy  or  obvious  as  may  at  first  appear.     Mercury,  as  it 
s  in  the  ordinary  state,  frequently  contains  air  or  other  elastic  ffuids  com- 
j  bined  with  it,  and  which  art  maintained  in  it  by  the  atmospheric  pressure,  to 
\  which  it  is  usually  subject. 

When  it  has  subsided,  however,  in  the  barometric  tube,  it  is  relieved  from 
J  that  pressure,  and  the  elastic  force  of  such  air  as  may  be  lodged  in  the  mercu- 
j  ry,  being  relieved  from  the  pressure  which  confined  it  there  it  will  make  its 
?  escape  and  rise  to  the  surface,  finally  occupy  g  h  pp  p  f  h  ube,  and 
J  exerting  a  pressure  upon  the  surface  of  the      1         bj  f         lasticity. 

?  Such  a  pressure  will,  then,  assist  the  weigh     f  h       1  f  m         y  in  bal- 

J  ancing  the  atmospheric  pressure,  and  cons  q       Ij  1  m       f  I    s  height 

\  will  balance  the  atmosphere  than  if  the  uppe   p         f  h    tub  free  from 

~  e  this  cause  of  error  it  is  ne  y         d  p  m  f  purify- 

\  ing  the  mercury  used  in  the  barometer  from  all  elahlic  fluids  which  maybe 
}  combined  with  il. 

The  fact  that  the  application  of  heat  gives 
Bs,  enables  us  easily  jj  accomplish  this.  F 
I  particles  of  air  or  other  elastic  fluids  which 
)  a  degree  of  elasticity  that  they  dUate  and  ri; 
J  in  bubbles.  The  same  process  of  healing  s 
)  with  which  the  mercury  may  be  combined.  These 
,nd  escape  at  the  surface. 

The  presence  of  an  elastic  fiuid  at  the  top  of  the  tube  is  thus  removed  so  far 
i8  such  fluid  can  proceed  from  the  mercury.  But  it  is  also  found  that  small  par- 
1  tides  of  air  and  moisture  are  liable  to  adhere  to  the  interior  surface  of  the 
I  glass  ;  and  when  the  mercury  is  introduced,  and  a  vacuum  produced  at  the  top 
i  of  the  tube,  these  particles  of  air  dilate,  and  rising,  lodge  at  the  top  and 

n  which  ought  to  be  there  ;  the  particles  of  moisture  also  evaporate 


energy  to  the  elastic  force  of  gas- 
t  if  the  mercury  be  heated,  the  J 
re  combined  with  it  acquire  such  I 
to  the  aurfase,  and  there  esi 

expel  any  liquid  impurities  j 
5  converted  into  vapor  J 
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and  rise  likewise,  both  producing  an  aeriform  fluid  in  the  chamber  above  the 
surface  of  the  mercury,  which  presses  upon  that  surface  with  an  elastic  force 
and  produces  a  corresponding  diminution  in  the  height  of  the  column  of  quick- 
silver, sustained  by  the  atmosphere  as  already  explained.  This  imperfection 
may  be  avoided  by  previously  heating  the  tube.  The  particles  of  air  which 
adhere  to  its  inner  surface  being  thus  expanded  by  heat,  will  fly  off  by  their 
elastic  force,  and  the  particles  of  moisture  will  be  converted  into  vapor,  and 
likewise  disengaged  from  the  surface. 

All  the  effects  now  explained  may  be  produced  by  filling  the  tube  with  mer- 
cury in  the  iirst  instance  and  then  boiling  the  liquid  in  it,  which  may  be  easily 
accomplished.  The  heat  will  not  only  expel  all  Jiquid  and  gaseous  impurities 
from  the  mercury  itself,  but  also  will  disengage  them  from  the  inner  surface  of 
the  tube.  These  precautions  being  taken,  the  column  of  mercury  sustained  in 
the  tube  will  indicate  by  its  weight  the  true  amount  of  the  atmospheric  pressure. 
But  in  order  to  be  able  to  compare  the  result  of  any  one  barometer  with  any 
other,  it  is  necessary  that  the  weights  of  equal  bulks  of  the  liquid  mercury 
used  in  both  cases  should  be  the  same  ;  and  for  this  purpose  we  must  be  as- 
sured that  the  mercury  used  is  pure,  and  not  combined  with  other  substances. 

We  have  just  seen  how  all  substances  in  the  liquid  or  gaseous  form  may 
be  extracted  from  it.  Impurities  may  still,  however,  be  suspended  in  it  in  a 
solid  form. 

To  remove  these  it  is  only  necessary  to  enclose  the  mercury  in  a  small  bag 
of  chamois  leather :  upon  pressing  this  bag  the  quicksilver  will  pass  freely 
through  its  pores,  and  any  minute  solid  impurities  which  may  be  contained  in 
the  mercury  will  remain  in  the  bag.  Pure  and  homogeneous  mercury  being 
thus  obtained,  we  have  advanced  another  step  toward  the  certainty  that  the  in- 
dications of  different  barometers  may  correspond  ;  but  there  is  still  one  other 
cause  of  discordancy  to  bo  attended  to.  Suppose  a  barometer  to  be  used  in 
Paris,  and  another  in  London,  at  a  time  when  the  pressure  of  the  atmosphere 
in  both  places  is  the  same,  but  the  temperature  of  the  air  at  Paris  is  higher 
than  the  temperature  of  London.  The  mercury  in  the  one  barometer  will  have 
a  higher  temperature  than  the  mercury  in  the  other.  Now  it  is  well  known 
th»t  when  mercury  or  any  other  body  is  heated,  its  dimensions  increase.  In 
other  words,  bulk  for  bulk,  it  becomes  sUghter.  Consequently,  if  two  columns 
be  equal  in  weight,  that  which  has  the  higher  temperature  will  have  the  greater 
altitude.  Hence  it  appears,  that  under  the  circumstances  supposed,  at  a  time 
when  the  atmospheric  pressure  is  the  same  in  London  as  at  Paris,  the  barom-  \ 
eter  at  the  latter  place  will  be  higher  than  at  the  former.  To  guard  against  ■ 
this  source  of  error,  it  is  necessary,  in  making  barometric  observations,  to  note  ! 
at  the  same  time  the  contemporaneous  indications  of  the  thermometer.  Tables 
are  computed,  showing  the  changes  in  the  height  of  the  mercury  correspond- 
ing to  given  differences  of  temperature.  -It  is  evident  that  in  comparing  ilte 
results  of  tie  same  barometer  observed  at  different  times,  it  is  equally  neces- 
sary to  note  the  difference  of  temperature,  and  to  allow  for  its  effects.  This, 
however,  is  a  refinement  of  accuracy  which  is  not  attended  to,  except  in  ob- 
servations made  for  philosophical  purposes. 

One  of  the  difficulties  attending  barometric  observations  arises  from  the  very 
minute  changes  produced  in  the  height  of  the  column  by  slight  variations  in  ' 
the  atmospheric  pressure.  The  whole  play  of  the  upper  surface  of  the  column, 
in  the  most  extreme  cases,  does  not  exceed  three  or  four  inches  in  a  given 
place  ;  and  mercury  being  a  very  heavy  fluid,  a  variation  in  the  pressure  of  the 
atmosphere,  of  sensible  amount,  may  produce  scarcely  any  perceptible  change 
in  the  huight  of  the  column.  One  of  the  most  obvious  remedies,  at  first  view, 
would  seem  to  be  the  use  of  a  fluid  lighter  than  mercury.     In  the  same  propor- 
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tion  as  the  fluid  is  lighter,  will  the  change  in  the  height  of  the  column,  by  a  ' 
given  change  in  the  pressure  of  the  atmosphere,  be  greater ;  but  there  are  diffi- 
culliea  of  a  different  kind  which  altogether  preclude  tlie  use  of  other  fluids. 
The  lighter  liquids  are  much  more  susceptible  of  evaporation,  and  the  surface  \ 
of  the  liquid  in  the  tube  being  relieved  from  the  atmospheric  pressure,  ofiers  no 
resistance  to  the  process  of  evaporation.     The  consequence  is,  that  any  liquid, 
except  mercury,  would  produce  a  vapor,  which,  occupying  the  top  of  the  tube, 
would  press  by  its  elastic  force  upon  the  surface,  and  co-operale  with  the  t 
weight  of  the  suspended,  column  in  balancing  the  atmospheric  pressure.     Evei 
from  mercury  we  have  reason  to  know  that  a  vapor  rises,  which  is  present  it 
the  upper  part  of  the  tube  ;  but  this  pressure  exerts  no  power  which  can  intro 
duce  inaccuracy  to  any  sensible  extent  into  lour  conclusions. 

A  form  is  sometimes  adopted  called  the  diagonal  barometer,  for  the  purpose  ) 
of  increasing  the  range  of  the  mercury  in  the  tube.     This  is  represented  i 
fig.  4,  where  A  C  B  represents  the  barometer  tube. 

C  ia  a  point  at  a  distance  above  the  surface  of  the  mercury  in  the  cylindi 
less  than  the  height  of  twenty-eight  inches.  The  space  C  D  includes  the  ranj 
which  the  mercury  would  have  if  the  tube  were  vertical ;  but  at  C  the  tube 
bent  obliquely  in  the  direction  C  B,  having  a  sufficient  length  to  bring  the  e: 
tremily  B  to  the  same  level  as  D.  The  mercury,  which,  had  the  lube  been  I 
vertical,  would  range  between  C  and  D,  will  now  hive  its  play  extended  through  i 
the  greater  space  C  B ;  consequently  the  magnitude  of  any  part,  howeve 
small,  wiU  be  increased  in  the  proportion  of  the  line  C  D  to  the  line  C  I 
Thus,  if  C  D  be  four  inches,  and  C  B  twelve  inches,  then  every  change  in  th 


position  of  the  surface  of  the  mercury  produced  by  a  change 
pressure,  will  be  three  times  as,  great  in  the  diagonal  barometer 
in  the  vertical  one. 


the  I 


Another  contrivance  for  enlarging  the  acale,  which  is  more  frequently  used, 
j  and  for  common  domestic  purposes  attended  with  some  convenience,  is  repre- 
ted  in  fig.  5.  This  is  called  the  wheel  baromeCer.  The  bariimotric  tube  is 
J  here  bent  at  its  lower  extremity  B,  and  turned  upward  toward  C.  The  atmo- 
j  spheric  pressure  acts  upon  the  surface  F,  and  sustains  a  column  of  mercury  in 
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\  the  tube  B  A,  which  is  above  the  level  of  F.     The  bore  of  the  tube  bein 
e  equal  in  every  part  of  its  length,  it  is  clear  that,  through  what 
S  space  the  surface  E  falls,  the  surface  F  will  rise,  and  vice-veTsa.     Hence 
J  obvious  that  the  variation  in  the  height  of  the  barometric  column  will  always  j 
J  be  double  the  change  in  the  height  of  either  surface  E  or  F  ;  for  if  the  Burface 
J  F  fall,  the  surface  E  must  rise  through  the  same  space.     They  are  thus  rece- 
}  ding  from  each  other  at  the  same  rate,  and  therefore  their  mutual  distance  will  ( 
<  be  increased  by  the  space  through  which  each  moves,  or  by  double  the  space  ) 
>  through  which  one  of  them  moves. 

In  the  same  manner,  if  F  rise,  E  must  fall,  the  two  points  mutually  approach- 

ng  each  other  at  the  same  rate  ;  so  that  the  distance  between  them  will  bo  dimin- 

j  ished  by  the  space  through  which  each  moves,  or  by  double  the  space  through  ) 

which  one  of  them  moves.     Tho  change,  therefore,  in  the  height  of  the  J 

J  barometric  column  will  always  be  double  the  change  in  the  position  of  the  ) 

J  level  F. 

Upon  the  surface  at  F  floats  a  small  ball  of  iron,  suspended  by  a  string,  i 
I  which  is  carried  over  a  pulley  or  small  wheel  at  P,  and  counterpoised  I 
eight  at  W,  less  in  amount  than  the  weight  of  the  iron  ball.  When  thi 
\  face  F  rises,  the  iron  ball  being  buoyant,  will  be  raised  with  it,  and  the 
j  terpoise  W  will  fall ;  and  when  the  surface  F  falls,  the  weight  of  the  iro 
j  being  greater  than  the  weight  of  the  counterpoise  W,  will  cause  it  to  descend  } 
J  with  the  descending  surface,  and  to  draw  the  counterpoise  W  up.  It  is  evi 
(  dent  that,  through  whatever  space  the  iron  ball  thus  moves  in  ascending  o 
J  descending,  an  equal  length  of  the  string  will  pass  over  the  wheel  P.  Now  J 
\  this  siring  rests  in  a  groove  of  the  wheel  in  such  a  manner  that  by  its  friction  ■ 
s  the  wheel  lorevolve,  and  consequently  the  revolution  of  this  wheel  indi-  , 
J  cates  ihe  length  of  string  which  passes  over  its  groove,  which  length  is  equal  to  j 
*,  the  change  in  the  level  of  the  surface  F,  Upon  the  centre  of  this  wheel  P  a 
j  index  H  is  placed,  which,  like  the  hand  of  a  watch,  plays  upon  a  graduatei 
)  cular  plate.  Let  us  suppose  that  ihe  circumference  of  the  wheel  F  ii 
)  inches :  then  one  complete  revolution  of  the  wheel  will  correspond  to  a  change  J 
{  of  two  inches  in  the  level  F,  and  therefore  to  a  change  of  four  inches  ii 
[  barometric  column.     But  in  one  revolution  of  the  wheel  P,  the  hand  or  i 

s  completely  round  the  circle  ;  hence  the  circumference  of  this  circle 
t  corresponds  to  a  change  of  four  inches  in  the  barometric  column.  Now,  the 
circular  plate  may  easily  be  made  so  that  its  circumference  shall  measure  forty  ? 
inches ;  consequently  ten  inches  of  this  circumference  will  correspond  to  one  J 
(  inch  of  the  column,  and  one  inch  of  the  circumference  will  correspond  lo  the  ? 
}  tenth  of  an  inch  of  the  column.  In  this  way  variations  in  the  height  of  the  j 
!  column  amounting  lo  the  tenth  of  an  inch  are  indicated  by  a  motion  of  the  hand  ( 
'  H  over  one  inch  of  the  circumference  of  the  plate.  By  further  subdivis 
J  still  greater  accuracy  may  be  obtained. 

'  .  this  form  of  the  barometer  it  is  evident  that  the  preponderance  of  th 
assists  the  atmospheric  pressure  in  sustaining  the  column.     This  cat 
■,  however,  may  be  diminished  almost  indefinitelj  by  making  the  prepon 
lice  o)  the  ball  oier  the  counterpoi'^e  W  bi^rely  sufficient  to  overcome  the  ( 
5  fnction  ot  the  wheel  P 

Again,  v.\  en  the  atmosphere  is  diminished  m  weight,  and  when  the  surface  ? 

r  has  a  tendency  to  rise,  it  is  compelled  to  raisi,  the  ball ;  and  there  ii 

J  obvious  limit  to  the  indications  of  the  instrument,  namelj ,  that  a  change  so  } 

blight  thai  the  difference  of  pressure  will  not  exceed  the  force  necessary  ti 
}  elevate  the  b'»ll,  will  lail  to  be  indicated 

itientific  purposes,  the  vertical   barometer  is  prcftrable  to  every  other  J 
J  form  of  that  instrument      In  the  oblique  barometer  the  termination  of  the  n 
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curial  column  is  subject  to  some  uncertainly,  arising  from  the  level  of  the  mer- 
cury not  being  perpendicular  to  the  direction  of  the  tube.     In  the  wheel  ba- 
rometer there  are  several  sources  of  error,  which,  though  so  small  in  amo 
as  not  to  injure  it  for  domestic  or  popular  use,  yet  are  such  as  to  render  it  a 
gether  unfit  for  scientific  inquiry. 


A  contrivance  called 
ally  applied  to  the  vertical  b; 
scale.     It  consists  of  a  small 
or  otherwise,  and  which  sliifp 
means  of  this  snbsidiary 
principal  scale  amoup'iuff 

The  principji 


ing  extremely  small  changes,  is  u 

id  supplies  the  place  of  an  enlarged  1 

-ated  plate,  which  is  moveable  by  a  sci 

the  divided  scale  of  the  barometer.     By  J 

lie,  we  are  enabled  to  estimate  magnitudes  on  the  \ 

■"lug  to  very  small  fractions  of  its  smallest  divisions. 

le  vernier  is  easily  explained.     Let  B  A,  fig.  6,  represent  ( 

Fig-  6.  Fig.  7. 
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Ihe  scale  of  the  barometer,  extending  through  three  inches,  and  divided  to  , 
tenths  of  an  inch.  Let  C  D  be  the  sliding  scale  of  the  vernier,  equal  in  length  . 
to  eleven  divisions  of  the  principal  scale,  and  divided  into  ten  equal  pans.  , 

Thus  each  division  of  the  vernier  will  be  the  tenth  of  eleven  divisions  of  the  ^ 
instrument  ■  ihat  is,  it  will  be  the  tenth  part  of  1 1  tenths  of  an  inch,  but  1 1 

tenths  of  aii  ,. 'he  same  as  110  hundredths,  and  the  tenth  part  of  this  is 

11  hundredths.     Tnus  it  appears  that  one  division  on  the  vernier  is  in  this 
case  the  1 1  hundredth  part  of  an  inch.     Now,  one  division  oiv  the  instrument  i 
being  a  tenth  of  an  inch,  or  10  hundredths  of  an  inch,  it  is  evident  that  a  di-  J 
vision  on  the  vernier  will  exceed  a  division  on  the  instrument  by  the  hundredth  J 
part  of  "an  inch;  for  if  we  take  10  hundredths  from  11  hundredths,  the  remain-  , 
der  will  he  1  hundredth.     Let  us  suppose  that  the  vernier  is  placed  so  that  its  ' 
lowest  division,  marked  10,  shall  coincide  with  the  lowest  division  on  the  in- 
strument, marked  38  ;  then  the  first  division  of  the  vernier,  marked  0,  will 
coincide  with  the  division  of  the  instrument  next  above  the  39th.     The  divis- 
ion marked  1  on  the  vernier  will  then  be  a  little  holow  the  division  marked  39  < 
on  the  scale,  and  the  distance  between  these  will  be  the  hundredth  of  an  \ 
inch,  as  already  explained.     The  division  marked  2  of  the 
little  below  the  division  marked  9  on  the  scale,  and  the  distance  below  it  will  J 
be  2  hundredth  parts  of  an  inch,  because  two  divisions  of  the  vernier  exceed  S 
two  divisions  of  the  scale  by  that  amount.     In  like  manner,  the  division  marked  j 
3  on  the  vernier  will  be  below  the  division  marked  8  on  the  scale  by  3  hun- 
dredths of  an  inch,  and  so  on. 

Let  us  suppose  that  the  mercury  is  observed  to  stand  at  a  height  greater  ) 
than  29  inches  and  5  tenths,  hut  less  than  29  inches  and  6  tenths.     Its  level  \ 
being  expressed  by  the  line  M,  figure  7,  let  the  vernier  now  be  moved  on 
the  scale  until  its.higheat  division  0  exactly  coincides  with  the  level  of  the 
mercury.     On  comparing  the  several  divisions  of  the  vernier  with  those  of  the  i 
instrument,  let  us  suppose  that  we  find  that  the  division  marked  4  on  the  ver-  I 
nier  coincides  with  that  marked  1  on  the  instrument ;  then  the  distance  from  J 
the  level  of  the  mercury  M  to  the  next  division  beJow  it,  marked  5,  will  be  4 
hundredth  parts  of  an  inch,  for  the  distance  of  the  division  marked  3  on  the 
vernier  above  the  division  marked  2  on  the  instrument  is  1  hundredth  of  an 
inch,  because  it  is  the  difierence  between  a  division  of  the  vernier  and  a  divis- 
ion of  the  instrument.     Again,  the  distance  of  the  division  of  the  vernier  ( 
marked  2,  above  the  division  of  the  instrument  marked  3,  is  2  hundredths  of  } 
an  inch,  and  the  distance  of  the  division  of  the  vernier  marked  1,  above  tl 
division  of  the  instrument  marked  4,  is  3  hundredths  of  an  inch.     In  like  ma 
ner,  the  division  of  the  vernier  marked  0  is  distant  from  the  division  of  the  ii 
strument  marked  5  by  4  hundredths  of  an  inch.     This  will  be  manifest  by  5 
considering  what  has  already  been  explained.     In  general,  we  are  to  observe  J 
what  division  of  the  vernier  coincides  most  nearly  with  any  division  of  the 
strument,  and  the  figure  which  marks  that  division  of  the  vemiei'  will  express  < 
the  number  of  hundredths  of  an  inch  in  the  distance  of  the  level  of  the  mercury  j 
from  the  next  division  of  the  instrument  below  it. 

The  most  immediate  use  of  the  barometer  for  scientific  purposes  is 
cate  the  amount  and  variation  of  the  atmospheric  pressure.     These  v 
being  compared  with  other  meteorological  phenomena,  form  the  scientific  data  ) 
from  which  various  atmospheric  appearances  and  effects  are  to  be  deduced. 

The  fluctuations  in  the  pressure  of  the  atmosphere  being  observed  in  cor 
nexion  with  changes  in  the  state  of  the  weather,  a  general  correspondence  i 
supposed  to  prevail  between  these  eff"ects.     Hence  the  barometer  has  been  ) 
called  a  weallier-glass.     Rules  are  attepipled  to  be  established,  by  which,  from  J 
the  height  of  'the  mercury,  the  coming  state  of  the  weather  may  be  predicted  ; 
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.  we  accordingly  find  the  words  "  rain,"  "  fair,"  "  changeable,"  "  frost,"  &c.,  ) 
(  engraved  on  the  scale  attached  to  common  domestic  harometers,  as  if,  when  \ 
}  the  mercury  stands  at  the  height  marked  by  these  words,  the  weather  is  always  J 
J  subject  to  the  vicissitudes  expressed  by  them.  These  marks  are,  however,  j 
}  entitled  to  no  attention  ;  and  it  is  only  surprising  to  find  their  use  continued  in  5 
J  the  present  times,  when  knowledge  is  so  widely  diffused.  They  are,  in  fact,  J 
0  be  ranked  scarcely  above  the  vox  sietlarum,  or  astrological  almanac.  ) 

It  has  been  already  explained,  that  in  the  same  state  of  the  atmosphere  the  J 
5  height  of  the  mercury  in  the  barometer  will  be  different,  according  to  the  eleva-  j 
i  tioa  of  the  place  in  which  the  barometer  is  situated.  Thus  two  barometers,  i 
J  one  near  tte  level  of  the  Hudson  and  the  other  on  the  heights  of  West  ) 
)  Point,  will  differ  by  half  an  inch  ;  the  latter  being  half  an  inch  lower  than  the  i 
j  former.  If  the  words,  therefore,  engraved  upon  the  plates,  are  to  be  relied  j 
(  iapon,simi\archangesof  weather  could  never  happen  at  these  two  situations.  But  j 
J  what  is  even  more  absurd,  such  a  scale  would  inform  us  that  the  weather  at  the  j 
i  top  of  a  high  building,  such  as  Trinity  church.  New  York,  must  always  be  i 
\  different  from  the  weather  in  Wall  street,  at  its  foot.  ) 

The  variation  in  the  altitude  of  the  barometer  in  a  given  place,  together  with  i 
he  corresponding  vicissitudes  of  the  weather,  have  been  regularly  recorded  ) 
I  for  very  long  periods.  It  is  only  by  the  exact  comparison  of  such  results  that  j 
I  any  general  rule  can  be  found.  The  rules  best  established  by  such  observations  j 
S  are  far  from  being  either  general  or  certain.  It  is  observed  that  the  changes  j 
weather  are  indicated,  not  by  the  actual  height  of  the  mercury,  but  by  its  ( 
!  change  of  height.  One  of  the  most  general,  though  not  absolutely  invariable  J 
'  18  is,  that  when  the  mercury  is  very  low,  and  therefore  the  atmosphere  very  f 
i  light,  high  winds  and  storms  may  be  expected. 

The  following  rules  may  generally  be  relied  upon,  at  le^t  to  a  certain  e 

1 .  GeneTolly  the  rising  of  the  mercury  indicates  the  approach  of  fair  weather ;  \ 
J  the  falling  of  it  shows  the  approach  of  foul  weather. 

^,  In  sultry  weather  the  fall  of  the  mercury  indicates  coming  thunder.     In  ? 
J  winter  the  rise  of  the  mercury  indicates  frost.     In  frost  its  fall  indicates  thaw  ;  ) 
id  its  rise  indicates  snow. 

3.  Whatever  change  of  weather  suddenly  follows  a  change  in  the  barom 
r  may  be  expected  to  last  but  a  short  time.     Thus,  if  fair  weather  follow  ir 
J  mediately  the  rise  of  the  mercury,  there  will  be  very  little  of  it ;  and  in  the  ) 
le  way,  if  fon!  weather  follow  the  fall  of  mercury  it  will  last  but  a  short  ( 
)  time. 

1.  If  fair  weather  continue  for  several  days,  during  which  the  mercury  c 
lally  falls,  a  long  succession  of  foul  weather  will  probably  ensue ;  and  S 
I  again,  if  foul  weather  continue  for  several  days,  while  the  mercury  continually  i 
>  rises,  a  long  succession  of  fair  weather  will  probably  succeed. 

5.  A  fluctuating   and  unsettled  state  in  the  mercurial   column   iudicati 
changeable  weather. 

The  domestic  barometer  would  become  a  much  more  useful  instrument 

instead  of  the  words  usually  engraved  on  the  plate,  a  short  list  of  the  best  e 

}  tablished  rules,  such  as  the  above,  accompanied  it,  which  might  be  either  ei 

veA  on  the  plate,  or  printed  on  a  card.     It  would  be  right,  however,  to  e: 

5S  the  rules  only  with  that  degree  of  probability  which  observation  of  past  j 

)  phenomena  has  justified.     There  is  no  rule  respecting  these  effects  which  will  J 

J  hold  good  with  perfect  certainty  in  every  case. 

^ne  of  the  most  important  scientific  uses  to  which  the  barometer  has  been  J 
J  applied,  is  the  measuring  of  heights.     If  the  atmosphere,  like  a  liquid,  w 
■  [1  compressible,  this  problem  would  be  very  simple.    The  pressure  on  the  mer- 
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)  cury  in  ihe  cistern  would  be  equally  diminished  in  ascending  through  equal  J 

i  heights.     Thus,  if  the  pressure  produced  by  an  ascent  of  10  feet  were  equiva-  J 

'  snt  to  the  weight  of  one  inch  of  mercury,  then  the  column  would  fall  one  inch  i 

a  ascending  that  height.     It  would  fall  two  inches  in  ascending  20  feet,  three  J 

n  ascending  30  feet,  and  so  on.     To  find,  therefore,  the  perpendicidar  height  ( 

(  of  the  barometer  at  any  time  above  i(s  position,  at  any  other  time,  it  would  be  i 

?  only  necessary  to  observe  the  difference  between  the  altitude  of  the  mercury  J 

J  in  both  cases,  and  to  allow  10  feet  for  every  inch  of  mercury  in  that  difference  ;  J 

aid  a  similar  process  would  be  applicable  if  an  inch  of  mercury  corresponded  j 

0  any  other  number  of  feet.  ) 

But  this  explanation  proceeds  on  the  supposition  that  in  ascending  through  ( 

(  equal  heights,  the  barometer  leaves  equal  weights  of  air  below  it.     Suppose  J 

I  in  ascending  10  feet  the  mercury  is  observed  to  fall  the  hundredth  of  an  inch,  ( 

S  then  it  follows,  (hat  the  air  left  below  the  barometer  in  such  an  ascent  has  a  J 

eight  equal  to  the  one  hundredth  of  an  inch  of  mercury.     Now  in  ascending  ( 

S  the  next  ten  feet,  the  air  whii,h  occupies  that  space  having  a  less  w  eight  above  j 

t  will  be  less  compressed  and   consequentlj    wilhin  that  height  of  10  feet  \ 

here  will  be  contained  a  less  quantity  of  air  dian  was  contained  in  the  first  10  | 

j  feet  immediately  below  it      In  this  second  assent  the  mercury  will,  therefore,  J 

i  fall,  not  the  hundredth  of  an  inch  but  a  quantity  as  much  less  than  the  hun-  S 

j  dredth  of  an  inch  as  the  quantity  of  air  contamed  m  the  second  10  feet  of  < 

I  height  IS  less  than  the  quantity  of  ait  that  la  contained  in  the  first  10  feet  of  J 

S  height      In  like  manner  in  ascending  the  next  ten  feet  a  still  less  quantity  of  I 

i  air  will  be  left  below  the  instrument  and  the  mercury  will  fall  in  a  proportion-  ) 

S  ally  less  degree      If  the  only  cause  affecting  density  of  the  air  were  com-  J 

on  produced  by  the  weight  of  the  mcumbent  atmosphere  it  would  be  ? 

j  easy  to  find  the  rule  bj  which  a  change  of  altitude  rmght  be  inferred  from  an  J 

i  observed  chinge  of  pressure      Such  a  rule  has  been  determined  and  is  capa-  S 

J  ble  of  being  e\presspd  in  the  language  of  mithematics  although  it  is  not  of  a  J 

J  nature  which  admits  of  explanation  m  a  more  elementary  and  popular  form.  \ 

)  But  there  are  other  causes  affecting  the  relation  of  the  pressure  to  the  altitude 

)  which  must  be  taken  into  account    The  density  of  an>  stratum  of  air  is  not  only  ) 

affected  by  the  weight  of  the  incumbent  atmosphert,,  but  also  by  the  temperature 
J  of  the  stratum  itself.     If  any  cause  increase  ihis  temperature  the  stratum  will 
?  expand,  and,  with  a  less  density,  will  support  the  same  incumbent  pressure.    If, 
<\  the  contrary,  any  cause  produce  a  diminution  of  temperature,  the  stratum  ? 
"a  oreater  density  under  the  same  pressure.     In  the  J 
g      f    1        on  which  would  be  necessary  to  pro- 
fa     h     h      f    he  barometer,  would  be  greater  than  S 
1  p        pi      and  in  the  other  case  the  change  would  ? 
f        f  rms  an  essential  element  in  the  calci 


(  duce  a  given  ch 
that  computed        li 
be  less.     The      mp 
lation  of  heigh     by  h    b 
A  rule  or  fo  m  i  ry  h 
partly  from  ob  d    fi 

from  observat  d 


d  d,  partly  from  established  theory,  and  S 
h  he  change  of  elevation  may  be  deduced  ? 
eter  and  thermometer.  To  apply  that  i 
rule,  it  is  nece  ry  kn  1  h  1  titude  of  the  places  of  observation  ;  2d, 
the  height  of  th  b  m  te  d  h  meter  at  the  higher  station.  By  arith- 
metical computation  the  difference  of  the  levels  of  the  two  stations  may  then  t 
be  calculated.  The  formulary  does  not  admit  of  being  explained  without  the  i 
use  of  mathematical  language. 

It  has  been  already  stated,  that  the  atmospheric  pressure  at  the  surface  of  J 
the  earth  is  capable  of  supporting  a  column  of  water  34  feet  in  height.  It  fol-  } 
lows,  therefore,  that  if  our  atmosphere  were  condensed  to  such  a  degree  that  J 
its  specific  gravity  would  be  equal  to  that  of  water,  its  height  would  be  34  { 
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[  feet.     Now  the  specific  gravity  of  a  stratum  of  atmosphere  contiguous 
S  surface  is  about  840  times  less  than  the  specific  gravity  of  water ;  that  is, 
cubic  inch  of  water  weighs  840  times  more  than  a  cubic  inch  of  air.     If 
we  ascend  in  the  atmosphere  it  continued  to  have  the  same  density,  then 
}  height  would  be  evidently  840  times  the  height  of  34  feet,  which  would  amoi 
o  28,560  feet,  or  5  miles  and  a  quarter.     It  is  obvious,  therefore,  that  sir 
(  even  at  a  small  elevation  the  density  of  the  atmosphere  is  reduced  to  half 
j  density  at  the  surface,  the  whole  height  must  be  many  times  greater  than  it 
\  The  barometer  in  the  balloon  in  which  De  Luc  ascended,  fell  to  the  height  of 
I  12  inches.     Supposing  the  barometer'at  the  surface  to  have  stood  at  that  time 
It  30  inches,  it  follows  that  he  must  have  left  three  fifths  of  the  wholi 
iphere  below  him.     His  elevation  was  upward  of  20,000  feet. 

A  column  of  pure  mercury,  whose  base  is  a  square  inch,  and  whose  height 
s   30   inches,  weighs   about   15  lbs.  avoirdupois.      It  follows,  therefore,  that 
J  when  the  barometer  stands  at  30  inches  the  atmosphere  exerts  a  presi 

ich  atjuaro  inch  of  the  surface  of  the  mercury  on  the  cistern,  amounting  lo 
)  15  lbs.  Now  it  is  the  nature  of  a  fluid  l«  transmit  pressure  equally  in  every 
i  direction,  and  if  the  surface  on  which  the  atmosphere  acts  were  present*  ' 
;  it  laterally,  obliquely,  or  downward,  still  the  pressure  will  be  the  same, 
I  king,  therefore,  the  medium  height  of  the  barometric  column  at  30  inchi  , 
5  follows  that  the  pressure  sustained  by  all  bodies  which  exist  at  the  surface  of 
j  the  earth,  exposed  to  our  atmosphere,  are  continually  under  this  pressure,  and 
j  that  every  square  inch  on  their  surface  constantly  sustains  a  force  of  about  15 
;  pounds.  Thus  the  body  of  a  man  the  surface  of  which  amounts  to  2,000 
}  square  inches,  will  sustain  a  pressure  from  the  surrounding  air  to  the 
\  mous  amount  of  30,000  pounds. 

It  might  at  first  view  be  expected  that  this  great  force  to  which  all  bodies 
\  are  subject,  would  produce  manifest  effects,  so  as  to  crush,  compress,  o-  i— --'- 
\  them,  whereas  we  find  bodies  of  most  delicate  texture  unaffected  by  it, 
}  a  close  bag,  made  of  the  finest  silver  paper,  and  partially  filled  with  aii  _ 

J  parenlly  subject  to  no  external  force.  Its  sides  do  not  collapse.  This  arises 
\  partly  from  the  circumstance  of  the  pressure  on  every  side  and  in  every  direction 
J  being  equal,  and,  therefore,  producing  mechanical  equilibrium.  It  is 
?  that  a  body  which  is  driven  in  every  possible  direction,  upward  and  downward, 
J  laterally  and  obliquely,  with  equal  forces,  will  not  move  in  any  one  direction, 
\  for  to  suppose  such  a  motion  would  be  to  assume  that  the  quantity  of  pressure 
■  hat  direction  exceeds  the  quantity  of  pressure  in  other  directions.  But 
)  still,  though  a  body  may  not  be  driven  in  any  direction  by  the  atmospheric 
S  pressure,  it  may  happen  that  its  parts  are  crushed  and  compressed. 

We  do  not,  however,  find  this  to  happen.     This  arises  from  the  fact,  that  the 

ilastic  force  of  the  air  is  equal  to  its  pressure  ;  and  since  the  internal  cavities 

\  of  a  body,  such  as  the  thin  bag  above-mentioned,  are  filled  with  air,  which  is 

J  confined  witWn  them,  that  air  has  precisely  the  same  tendency  to  swell  the 

\  bag,  and  to  keep  the  parts  asunder,  as  the  external  pressure  of  the  atmosphere 

'las  to  make  them  collapse. 

In  the  same  manner  we  may  account  for  the  fact  that  animals  move  freely  in 
he  air  without  being  sensible  of  the  enormous  pressure  to  which  their  bodies 
jie  subjected.  The  internal  parts  of  their  bodies  are  filled  with  fluids,  both  in 
)  the  liquid  and  gaseous  states,  which  otfer  a  pressure  from  within  exactly  equiv- 
\  alent  to  the  external  pressure  of  the  air.  This  may  be  easily  rendered  mani- 
J  fest  by  applying  to  the  skin  the  mouth  of  a  close  vessel  to  which  an  exhausting 
\  syringe  is  attached.  By  this  instrument,  which  will  be  described  hereafter, 
S  the  air  may  be  rarefied  in  the  vessel,  and  the  atmospheric  pressure  conse- 
(  quently  partially  removed  from  the  skin.     Immediately  the  force  of  the  fluid 
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)  from  within  will  swell  the  skin  and  cause  it  to  be  sucked  into  the  glass.    This  j 
J  experirnent  may  be  performed  by  tbe  mouth  on  the  flesh  of  the  hand  o 


icked  into  the  mouth 
h  draw 
m      d       d 

\  by    h 


•  If  the  lips  be  applied  to  the  flesh,  and  the  breath  drawn  ii 
J  partial  Tacuum  in  the  mouth,  the  skin  « 

This  efiect  is  owing,  not  to  a 
(  the  skin  in,  but  to  the  fact  th       h 
)  that  the  pressure  from  within  ff' 

of  that  class  of    ff        w 
;  word  auction  are  accounted  f     m 

If  a  flat  piece  of  moist  leah  p  w  h     h  b  dy 

L  stone,  it  will  be  found  to  adhere  to  it  with  considerable  force,  and  il  a  cord  ( 
(  of  sufficient  length  be  attached  to  the  centre  of  the  leather,  the  stone  may  be  J 
{  raised  by  the  cord.  This  effect  arises  from  the  exclusion  of  the  air  between  < 
3  leather  and  the  stone.  The  weight  of  the  atmosphere  presses  their  sur-  ) 
}  faces  together  with  a  force  amounting  to  fifteen  pounds  on  every  square  inch  < 
(  of  those  surfaces  in  contact.  If  the  weight  of  the  stone  be  less  than  the  num-  ) 
)  her  of  pounds  which  would  be  expressed  by  multiplying  the  number  of  square  J 
i  inches  on  the  surfaces  of  contact  by  fifteen,  then  the  stone  may  be  raised  by  > 
(  the  leather ;  but  if  the  stone  exceed  this  weight,  it  will  not  suffer  itself  to  be  e!-  J 
1  evated  by  these  means,  J 

?       The  power  of  flies  and  other  insects  to  walk  on  ceilings  and  surfaces  pre-  J 
5  sented  downward,  or  upon  smooth  panes  of  glass  in  an  upright  position,  is  said  J 
>  depend  on  the  formation  of  their  feet.     This  is  such  that  they  act  in  the  J 
lanner  above  described  respecting  the  leather  attached  to  a  stone  ;  the  feet,  in  \ 
j  fact,  act  as  suckers,  excluding  the  air  between  them  and  the  surface  with  which  j 
J  they  are  in  contact,  and  the  atmospheric  pressure  keeps  the  animal  in  its  po- 
sition.    In  the  same  manner  the  hydrostatic  pressure  attaches  fishes  to  rocks. 
The  pressure  and  elasticity  of  the  air  are  both  exercised  in  the  act  of 
breathing.     When  we  draw  in  the  breath  we  first  make  an  enlarged  space  in 
the  chest.     The  pressure  of  the  external  atmosphere  then  forces  air  into  this  \ 
space  so  as  to  fill  it.     By  a  muscular  action  the  lungs  are  next  compressed  i 
as  to  gi\e  this  air  a  greater  elasticity  than  the  pressure  of  the  external  atmi 
sphere.     By  th^  excess  of  this  elasticity  it  is  propelled,  and  escapes  by  the  J 
mouth  and  nose.     It  is  obvious,  therefore,  that  the  air  enters  the  lungs  not  by  J 
1   any  direct  act  of  these  upon  it,  but  by  the  weight  of  the  atmosphere  forcing  it  J 
I   into  an  empty  space,  and  that  it  is  expired  by  the  action  of  the  lungs  ii 
;   pressing  it. 

The  action  of  common  bellows  is  precisely  similar,  except  that  the  aperture  5 
It  which  the  air  is  drawn  in  is  diiTerent  from  that  at  which  it  is  expelled.  In  the  j 
j  lower  board  of  the  bellows  is  a  hole  covered  by  a  valve,  consisting  of  a  flat  J 
(  piece  of  stiff  leather,  moveable  on  a  hinge,  and  which  lies  on  the  hole,  but  is  \ 
>  capable  of  being  raised  by  a  slight  pressure.  When  the  upper  board  of  the  ( 
I  bellows  is  raised,  the  internal  cavity  is  suddenly  enlarged,  and  the  air  contained  j 

s  considerably  rarefied.     The  pressure  of  the  atmosphere  forces  ii 
1  the  nozzle,  but  this  being  too  small  to  allow  its  admission  with  sufficient  ease  ; 
)  and  speed,  the  valve  covering  the  hole  is  acted  upon  by  the  atmosphere  and 
j  raised,  and  air  rushes  in  through  the  targe  aperture  under  it.     When  the  space 
I  between  the  boards  is  filled  with  air  in  its  common  slate,  the  upper  board  is 
(  depressed,  and  the  ait  confined  in  the  bellows  is  suddenly  condensed.     The  ' 
)  valve  covering  the  hole  is  thus  kept  firmly  closed,  and  the  air  has  no  escape 
<  except  through  the  nozzle,  from  which  it  issues  with  a  force  proportioned  to  tl 
e  exerted  on  the  upper  board.     A  bellows,  such  as  that  in  common  d 
j  mestic  use,  thus  simply  constructed,  has  an  intermitting  action  and  blows  by 
ion  being  suspended  wliile  the  upper  board  is  being  raised.     In  i 
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{  foTges  and  large  factories  in  which  fires  are  estensively  used,  St  is  found  nee 
[  nary  to  command  a  constant  and  unremitting  stream  of  air,  which  may  be  c 
{  ducted  through  the  fuel  so  as  to  keep  it  in  vivid  combustion.     This  is  effected  j 
S  by  bellows  with  three  boards,  the  centre  board  being  fixed  and  furnished  with  ) 
i  3  valve  opening  upward,  the  lower  board  being  moveable  with  a  valve  also  op 
}  ing  upward,  and  the  upper  board  being  under  a  continual  pressure  by  weij 
jcting  upon  it.     When  the  lower  board  is  let  down,  so  that  the  chamber 
;ween  it  and  the  middle  board  is  enlarged,  the  air  included  between  these  J 
5  boards  being  rarefied,  the  external  pressure  of  the  atmosphere  will  open  the 
5  valve  in  the  lower  board,  and  the  chamber  between  the  lower  and  middle  boards 
J  will  be  filled  with  air  in  its  common  state.     The  lower  board  is  now  raised  by  J 
5  the  power  which  works  the  bellows,  and  the  air  between  it  and  the  mic 
J  board  is  condensed.     It  cannot  escape  through  the  lower  valve,  because  it  J 
?  opens  upward.     It  acts,  therefore,  with  a  pressure  proportional  to  the  working  ? 
5  power  on  the  valve  in  the  middle  board,  and  it  forces  open  this  valve,  which  J 
\  opens  upward.     The  air  is  driven  from  between  the  lower  and  middle  boards,  \ 
J  into  the  chamber  between  the  middle  and  upper  boards.     It  cannot  return  from 
?  this  chamber,  because  the  valve  in  the  middle  board  opens  upward.     The  up- 
J  per  board  being  loaded  with  weights,  it  will  be  condensed  while  included  in  ■ 
I  this  chamber,  and  will  issue  from  the  nozzle  with  a  force  proportionate  to  the 
^tits.     While  the  air  is  thus  rushing  from  the  nozzle  the  lower  board  is  let 
?  down  and  again  drawn  up,  and  a  fresh  supply  of  air  is  brought  into  the  chara- 
5  bef  between  the  upper  and  middle  board.     This  air  is  introduced  between  the  ( 
I  middle  and  upper  boards  before  the  former  supply  has  been  exhausted,  and  by  ) 
j  working  the  bellows  with  sufficient  speed,  a  large  quantity  of  air  will  be 
t  lected  in  the  upper  chamber,  so  that  the  weights  on  the  upper  board  will  force  5 
{  a  continual  stream  of  air  through  the  nozzle. 

The  effect  produced  by  a  vent-peg  in  a  cask  of  liquid  depends  on  the  almo- 
tpheric  pressure.  If  the  vent-peg  stop  the  hole  in  the  top  while  the  liquid  is 
)  discharged  by  the  cock  below,  a  space  will  remain  at  the  top  of  the  barrel  in 
i  which  the  air  originally  confined  is  allowed  to  expand  and  become  rarefied ; 
\  its  pressure  on  the  surface  of  the  liquid  above  will,  therefore,  be  less  than  the  ? 
J  atmospheric  pressure  resisting  the  escape  of  the  liquid  at  the  cock ;  but  still 
J  the  weight  of  the  liquid  itself,  pressing  downward  toward  the  cock,  will  cause 
5  the  discharge  to  continue  until  the  rarefaction  of  the  air  becomes  so  great,  that 
J  the  excess  of  the  atmospheric  pressure  is  more  than  sufficient  to  resist  the  es- 
J  cape  of  the  liquid  ;  the  flow  from  the  cock  will  therefore  be  stopped.  If  the  j 
j  vent-peg  be  now  removed  from  the  hole,  air  will  be  heard  to  rush  in  with  ■ 
j  siderahle  force  and  iill  the  space  above  the  liquid.  The  atmospheric  pressure  J 
Q  the  surface  above  and  on  the  mouth  of  the  cock  being  now  equal,  the  liquid  J 
'ill  escape  from  the  cock  by  the  effect  of  the  pressure  of  the  superior  column, 
}  according  to  the  principles  established  in  hydrostatics.  If  the  vent-plug  be 
1' again  placed  in  the  hole,  the  flow  from  the  cock  will  be  gradually  diminished, 
\  and  will  at  length  cease.  Upon  the  removal  of  the  vent-peg,  the  same  effect 
)  will  be  observed  as  before. 

If  the  lid  of  a  teapot  be  perfectly  close,  and  fit  the  mouth  air  tight,  or  if  the  ; 
ntersfiees,  as  frequently  happens,  be  stopped  by  the  liquid  which  lies  n 
J  the  edge  of  the  mouth,  then  all  communication  between  the  surface  of  the  li-  i 
J  quid  in  the  vessel  and  the  external  air  is  cut  off.  If  we  now  attempt  to  pour  j 
}  liquid  from  the  teapot  it  will  flow  at  first,  but  will  immediately  cease.  In  this  ) 
!  the  air  under  the  lid  becomes  rarefied,  and  the  pressure  on  the  surface  of  } 
\  the  liquid  in  the  teajxit  is  so  far  diminished,  that  the  atmospheric  pressun 
( its  discharge  at  the  spout, 
'o  remedy  this  inconvenience,  it  is  usual  \o  make  a  small  hole  somewhere  I 
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le  lid  of  the  teapot  for  the  admission  of  air ;  this  hole  serves  the  same  j 
j  purpose  as  the  hole  for  the  vent-peg  in  the  cask. 

Although  it  is  not  usually  practised,  a  small  hole  should  he  made  in  the  lid  J 
if  a  kettle,  but  for  a  different  reason.     If  the  lid  of  a  kettle  fit  it  closely,  so  as  , 
)  stop  all  communication  between  tbe  externa]  air  and  the  interior  of  the  vessel,  ■ 
j  when  the  water  contained  in  it  hecomes  heated,  steam  will  rise  from  its  surface, 
5  and  the  air  enclosed  in  the  space  between  the  surface  and  the  lid  being  healed, 
>  will  acquire  an  increased  elastic   force.     From  these  causes,  the  pressure 
\  which  acts  on  the  surface  of  the  water  in  the  kettle  will  continually  i 
o  long  as  the  lid  maintains  its  position  ;  this  pressure,  transmitted  by  the 
sr  in  the  kettle,  will  overcome  the  pressure  of  the  atmosphere  acting  on 
J  water  in  the  spout,  and  the  effect  will  he  that  the  water  will  be  raised  in 
spout,  and  flow  from  it,  or,  if  the  lid  he  not  firmly  enough  fixed  to  withstand  ( 
the  pressure  of  the  steam,  it  will  be  blown  off  the  kettle.     Such  effects  fall  { 
)  within  every  one's  experience.     If  a  small  hole  were  made  in  the  lid  thes 
J  effects  would  be  prevented. 

Ink-bottles  constructed  so  as  to  prevent  the  inconvenience  of  the  ink  thicken-  S 
J  ing  and  drying,  owe  their  efficacy  to  the  atmospheric  pressure.  The  quantity  ? 
(  of  evaporation  which  lakes  place  in  the  liquid,  other  circumstances  being  the  S 
J  same,  is  proportional  to  the  quantity  of  stirface  exposed  to  the  external  air.  To  \ 
\  diminish  this  quantity  of  surface  without  inconveniently  diminishing  the  quan- 
J  tity  of  ink  in  the  bottle,  bottles  have  been  constructed  of  the  shape  repiesenled  j 
'  n  figure  8. 

Fig.  a. 


.  B  is  a  close  glass  vessel,  from  the  bottom  of  which  a  short  tube,  B,  pro- 
\  ceeds,  from  which  another  short  lube  rises  perpendicularly.     The  depth  of  the  ( 

ube  C  is  such  as  will  be  sufficient  for  the  immersion  of  the  pen.     When  ink  > 

3  poured  in  at  C,  the  bottle,  being  placed  in  an  inclined  position,  is  gradually  < 
i  filled  up  to  the  knob  A  :  if  the  bottle  he  now  placed  in  the  position  represent 

a  the  figure,  the  chamber  A  B  being  filled  with  the  liquid,  the  air  will  he  « 
j  eluded  from  it,  and  the  pressure  tending  to  force  the  ink  upward  in  the  short  J 
I  tube  C,  will  be  equal  to  the  weight  of  the  column  of  ink,  the  height  of  which  J 

■    equal  to  the  depth  of  the  ink  in  the  bollle  A  B,  and  the  base  of  which  i 
)  equal  to  the  section  of  the  tube  C.     This  will  be  manifest  from  the  proper-  | 

'  9  of  hydrostatic   pressure,  established  in   hydrostatics.     Now,  the   atmo-  ! 
J  spheric  pressure  acts  on  the  surface  C  with  a  force  which  would  be  capable 

<  of  sustaining  a  colunm  of  ink  many  times  the  height  of  the  bottle  A  B  ;  conse- 

J  sequently,  this  pressure  will  effectually  resist  the  escape  of  the  ink  from  the  s 
5  mouth  C,  and  will  keep  it  suspended  in  the  bottle  A  B.     In  this  case  the  j 
lie  surface  which  is  exposed  to  the  effect  of  evaporation,  is  the  surface  of  J 

<  liquid  in  the  tube  C,  and,  consequently,  an  ink  bottle  of  this  kind  may  be  left  J 

my  months  in  a  warm  room  and  no  perceptible  diminution  in  the  quantity  of  J 
k  or  change  in  its  quality  will  take  place.     As  the  ink  in  the  short 
msumed  by  use,  its  surface  will  fall  to  a  level  with  the  tube  B. 
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)  bubble  of  air  will  then  insinuate  itself  through  the  tube  B,  and  will  rise  to  tl 
<  top  of  the  boltlfi  4.  B  ,  there  it  will  e^erl  an  elastic  pressure,  which  will  caui 
j  the  surface  in  C  to  nse  a  little  higher,  and  this  effect  will  be  continually  r. 
j  peated  until  all  the  ink  in  the  bottle  has  been  used. 

The  only  inconvenience  which  has  been  attributed  to  these  ink-boltles  arisi 
J  from  sudden  changes  in  the  temperature  to  which  they  are  exposed.     When  J 

1  external  air,  having  been  previously  warm,  becomes  suddenly  cold,  the 
(  small  quantity  of  air  which  is  included  in  the  bottle  A  not  being  cooled  so  fast 
)  as  the  external  air,  will  exert  an  elastic  pressure  which  will  cause  the  ink  to 
5  flow  at  C.     This  is  an  effect,  however,  which  we  have  never  observed,  al-  } 
hough  we  have  seen  these  bottles  much  used. 
If  such  an  ink-bottle  be  placed  upon  a  marble  chimney-piece,  or  any  other  J 
}  surface  heated  beyond  the  temperature  of  the  air  in  the  room,  the  air  confined  \ 
S  in  the  bottle  will  then  become  heated,  and  acquire  increased  elastic  force,  and 
n  this  case  the  ink  will  overflow. 
The  fountains  for  supplying  water  to  bird-cages  are  constructed  upon  the 
I  same  principle. 

The  pneumatic  trough  used  in  the  chemical  laboratories,  and  the  gas-hold-  S 
irs  or  gasometers  used  in  gas  works,  depend  on  the  atmospheric  i 
(  vessel-having  its  mouth  upward,  is  completely  filled  with  a  liquid. 
)  is  then  stopped,  a  flat  piece  of  glass,  or  a  smooth  plate  of  r 
I  against  it,  and  the  vessel  is  inverted,  die  mouth  being  plunged  n 
\  filled  with  the  same  liquid.     If  the  height  of  the  vessel  in  this  t 
n  the  height  of  the  column  of  the  liquid  which  the  atmospher 
I  would  support,  the  vessel  will  continue  to  be  completely  filled  with  the  liquid,  I 
even  after  the  plate  is  removed  from  its  mouth ;  for  the  atmospheric  press 
acting  on  the  surface  of  the  liquid  in  the  cistern,  will  prevent  the  liquid  ( 
J  tained  in  the  vessel  from  falling  out  of  it.     Any  one  may  satisfy  himself  of  this  \ 

Take  a  wine-glass  and  fill  it  with  water,  and  then,  having  applie' 
i  piece  of  card  to  its  mouth  so  as  to  prevent  the  water  Irom  escaping,  mier 
J  and  plunge  the  mouth  downward  in  a  basin  of  water  Let  the  lard  be  then  J 
i  removed,  and  let  the  glass  be  raised  above  the  surface,  still,  however,  keeping  \ 
I  the  edge  of  its  mouth  below  the  surface.  It  will  be  observed  that  the  glass  J 
!  will  still  remain  completely  filled  with  water.  Take  a  small  quill,  or  a  hoi-  J 
J  low  piece  of  straw,  and  insert  one  end  in  the  water,  so  that  it  will  fae  i 

lediately  below  the  mouth  of  the  glass,  and  at  the  same  lime  blow  gently  J 
I  through  the  other  end,  so  as  to  introduce  air  in  small  quantities  into  the  water  J 
)  immediately  under  the  mouth  of  the  glass.  This  air  will  ascend  m  bubbles,  . 
"  will  find  its  way  to  the  highest  part  of  the  glass,  and,  remaining  there,  ; 
)  will  expel  the  water  from  it ;  and  this  will  continue  so  long  as  air  is  supplied,  \ 
(  until  all  the  water  contained  in  the  glass  is  expelled  from  it,  and  the  glas 
S  filled  with  air.  If  the  process  be  further  continued,  the  air  will  begin  to  j 
(  escape  under  the  edge  of  the  glass,  and  rise  in  bubbles  to  the  surface.  } 

j  The  pneumatic  trough  is  a  large  cistern  filled  with  mercurj  in  which  is  \ 
J  placed,  below  the  surface  of  the  liquid,  a  shelf  to  support  a  receiver  By  1 
}  plunging  any  vessel  in  the  deeper  part  of  the  trough,  it  may  be  filled  with  mer-  { 
j  cury,  and  if  it  be  slowly  raised,  keeping  its  mouth  still  below  the  surlace  of  f 
)  the  liquid,  it  will  still  remain  filled  with  mercury  by  the  pressure  of  the  almo- 
J  sphere  acting  on  the  surface  of  the  mercury  in  the  trough.  The  mouth  of  the  i 
vessel  may  then  be  placed  on  the  shelf,  while  the  vessel  itself  is  ahoie  the  \ 
{  surface  of  the  mercury. 

The  trough  is  represented  in  fig.  9,  at  A  B.     The  shelf  is  placed  in  it  at  C  ; 

a  receiver,  R,  is  placed  on  the  shelf,  with  its  mouth  downward  oier  an  aper- 

re,  D,  which  communicates  with  a  tube,  by  which  gas  maj   be  introduced.  J 
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gas,  passing  tlirout,h  the  lube  ii  cs  iii  bubbl  s  through  the  mercury  in  the 
\  receiver,  and  lodges  at  the  top  and  bj  contimimE  this  proce'>«  the  whole  of  S 
j  the  mercury  will  at  length  be  expelled  trom  the  receiver  and  ila  place  filled  ) 
(  with  the  gas.  In  this  manner  gases  of  various  kinds  may  be  preserved  out  of  s 
S  contact  with  the  atmosphere  and  the  same  «he!f  mav  be  iumished  with  several  \ 
)  holes,  ^nd  may  support  a  number  ol  diflerent  jars. 

The  gasometer  used  in  gas-works  is  constructed  on  the  same  principle,  only  j 
m  a  different  scale.     When  used  for  great  supplies  of  gas,  such  as  are  neces- 
)  sary  for  the  illumination  of  towns,  these  vessels  are  constructed  of  a  very  large 
lize,  and  are  immersed  in  pit"  lined  with  cast  iron,  and  filled  with  water.     It 
s  clear  that  all  which  has  been  just  explained  will  be  equally  applicable,  wha(- 
iver  be  the  liquid  used  m  the  cistern,  and  for  different  gases  it  is  necessary  to  J 
ise  different  liquids,  since  the  contact  with  particular  liquids  will  frequently  ? 
j  affect  the  quality  of  the  gas      The  peculiar  gurgling  noise  which  is  produced  } 
'n  decanting  wine  arises  from  the  pressure  ol  the  atmosphere  forcing  air  ' 
he  interior  of  the  bottle      In  the  first  instance,  the  neck  of  the  bottle  is  c 
'  pletely  filled  with  \\omi,  so  as  to  slop  the  admission  of  air.     When  a  part  of  ) 
''    '     wine  has  flowed  out,  and  an  empty  space  is  formed  within  the  bottle,  the  S 
ospheric  pressure  forces  in  a  bubble  of  air  through  the  liquid  in  the  neck,  i 
I  which,  by  rushing  suddenly  into  the  interior  of  the  bottle,  produces  the  sound  J 
alluded  to.     This  effect  is  continually  repeated  so  long  as  the  neck  of  the  bot-  / 
tie  continues  lo  be  choked  with  the  liquid.     But  as  the  contents  of  the  bottle  ) 
are  discharged,  the  liquid,  in  flowing  out,  only  partially  fills  the  neck ;  and  ! 
i  while  a  stream  of  wine  passes  out  through  the  lower  half  of  the  neck,  a  stream  J 
of  air  passes  in  through  the  upper  part.     The  flow  in  this  case  being  continual  \ 
and- uninterrupted,  no  sound  takes  place. 

The  atmospheric  pressure,  acting  on. the  surface  of  liquids,  maint 

combined  with  them  in  a  greater  or  lesser  quantity,  according  to  the  nature  o(  J 

)  the  liquid.     If  an  open  vessel,  containing  a  liquid,  be  placed  under  a 

and  the  air  be  exhausted,  the  air  combined  with  the  liquid  will  be  immediately  j 

set  free,  and  will  be  observed  to  rise  in  bubbles  to  the  top ;  this  effect  will  be  \ 

very  perceptible  if  water  be  used,  but  still  more  so  in  the  case  of  beer 

When  liquor  is  bottled,  the  air  confined  under  the  cork  is  condens 

■  exerts  upon  the  surface  a  pressure  greater  than  that  of  the  atmosphere.     This  } 

\  has  the  effect  of  holding  in  combination  with  the  liquor  air  which,  under 

'   atmospheric  pressure  only,  would  escape.     If  any  air  rise  from  the  liquor  after  5 

j  being  bottled,  it  causes  a  still  greater  condensation,  and  an  increased  pressure  C 

above  its  surface. 
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If  the  nature   of  the   liquor  be  such 
lily,  this  condensation  will  at  lengiii  bei 
or,  failing  to  do  that,  break  the  bottle 
1   with  beer,  ale,  or  porter.     The  corks 

J       When  the  cork  is  drawn  from  a  boitie  containing  liquor  of  this  kind,  the  J 
J  fixed  air  being  released  from  the  pressure  of  the  air  which  w 
J  der  the  cork,  instantly  makes  its  escape,  and,  rising  in  bubbles,  produt 
J  vesccnce  and  froth.     Hence  the  bead  observed  on  porter  and  similar  liquors    ■ 
i  the  sparkling  of  champagne  or  cider.  | 
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THE     M  0  0  I. 


— IlB  Eolation.— Same  Face  alwi 


ird  t 


Popular  Inlerew  allached  lo  Ihc  Moon.— lis  Dieiai 
ihe  Eerth.- lis  Phases.- Iwchangea  of  Fosi^on  wift  regord  to  the  Son.- Hseit  an  Atmosphere  ^— 
Optical  Test  to  determine  it,- Physical  analltics  of  Moonlight ,--!e  Moonlight  Wbitq  or  Cold!— 
Does  Water  enst  on  the  Moon  !— Does  the  Moon  iuHocnce  the  Weather  7— Mode  of  determining 
this.— Phyacal  condition  of  the  Lunar  Sntface.— Absence  of  Air  and  GaaeB,— Absence  of  Liquids- 
Appearance  of  the  Eartij  aa  seen  from  the  Moon.-Prevalenee  of  Mountains  nponit.-Their  gen- 
eral Volcanic  Character.- Appearance  of  the  Monniain  Tjcio.— Heights  of  Lnnar  Mountains  and 
Depths  of  Ravines.— Telescopic  Views  of  Ihe  Moon  by  Beer  and  Madler.— Detached  Views  of 
the  Lunar  Surface.- Condition  of  a  Lunar  Crater  dedaeod  from  Analogy, 
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THE  MOON. 


Althottgh  it  be  in  mere  magnitude,  physically  considered,  one  of  the  m 
insignificant  bodies  of  the  solar  system,  yet  for  various  reasons  the  moon  has  J 
always  been  regarded  by  mankind  with  feelings  of  profound  interest,  and  h 
been  invested  by  the  popular  mind  with  various  influences,  affecting  not  only  J 
the  physical  condition  of  the  globe,  but  also  connected  with  the  phenomena  of 
the  organized  world.     It  has  been  as  much  an  object  of  popular  superstition  as 
of  scientific  observation.     These  circumstances  doubtless  are  in  some  degree 
owing  to  its  striking  appearance  in  the  firmament,  to  the  various  changes  of 
form  to  which  it  is  subject,  and  above  all  to  its  proximity  lo  the  earth,  and  to 
the  close  alliance  existing  between  it  and  our  planet.     It  will  not  be  uninter- 
esting on  the  present  occasion  lo  collect  and  present  in  an  intelligible  form,  the  ) 
results  of  scientific  research  concerning  this  body. 


The  distances  of  all  objects  in  the  heavens  are  ascertained  by  the  same 
general  principles  as  that  by  which  the  common  surveyor  determines  the  dis- 
tance of  inaccessible  objects  upon  the  earth.     It  need  scarcely  be  said  that  ) 
a  very  small  proportion  of  the  terrestrial  distances  with  which  we  ar 
versanl  are  ascertained  by  the  actual  admeasurement  of  the  space  intervening  J 
between  their  extreme  points.     Other  more  easy  and  accurate  methods  an 
able,  by  which  we  can  accurately  measure  the  distance  of  objects  inacC' 
to  us,  by  ascertaining  the  proportion  between  these  distances  and  other  spaces  ! 

which  are  accessible  and  measurable  by  us.     In  this  way  it  has  been  a 

tained  that  the  distance  of  the  moon  is  equal  to  about  thirty  times  the  dial 
globe,  or  in  round  numbers-  a  quarter  of  a  million  of  miles. 
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I     object  is  determined,  its  magnitude  may  I 
it  diiectly  with  another  object  of  known 
To  illustrate  this  by  its  application  to  the 
nt-piece,  which  measures  about  an  inch  in 
w  en  the  eye  and  the  moon  at  any  distance 
he  first  trial  that  the  coin  will  appear  larger  i 
L    m  w  11       I  pletely  conceal  the  moon  from  the  e 

h  b        m  d  1  eclipse  of  that  luminary.     Let  the  i 

h  f     h  m  h        e,  and  it  will  then  appear  smaller,  and  wiJl  ( 

ly  d  h  h    distance  from  the  eye  is  increased.     Let  it  } 

d        lb  q    1    n  apparent  magnitude  to  the 

ly  h    d   k    f  h    moon,  and  neither  more  noi 

f  h      J    b      h  sured,  it  will  be  found  to  be  about  ten  feet,  i 

h     d    d      d  y       h       or  what  is  the  same,  two  hundred  and  forty  > 

i  h  If      1  B  kn  h      he  distance  of  the  moon  ia  about  two  hun-  J 

d  f    y  h  d       1  d  consequently  it  follows  in  this  case,  that  | 

1  1ml  h  d  stance  is  exactly  what  half  an  inch  is  in  ( 

d   ta  N  w      d       he  circumstances  here  supposed,  the  coin  > 

li    m  1        Ij  of  equal  apparent  magnitude.     In  fact  the  J 

s  another  moon  on  a  smaller  scale,  and  we  may  use  the  coin  to  measure  > 
oon's  distance,  provided  we  know  the  scale,  exactly  as  we  use  the  space  i 
i  upon  a  map  of  any  known  scale  to  measure  a  country.  But  it  has  been  just  ) 
(  stated  that  the  scale  is  in  this  case  half  an  inch  to  one  thousand  miles  ;  since,  ' 
1  then,  the  coin  measures  two  half  inches  in  diameter,  the  moon  must  measure  ' 
\  two  thousand  miles  in  diameter.  The  moon  is  then  a  globe  whose  diameter  ' 
s  about  one  fourth  of  that  of  the  earth.  Its  bulk  is  about  one  fiftieth  of  that  of  ( 
lur  globe,  its  weight  a  little  less  than  one  fiftieth,  and  its  density  something  [ 
i  less  than  three  fourths  of  the  density  of  the  earth. 


While  the  moon  moves  around  the  earth  in  its  monthlj'  course,  we  find  by  J 
observations  of  its  appearance,  made  even  without  the  aid  of  telescopes,  that  J 
the  same  hemisphere  is  always  turned  toward  us.  We  recognise  this  fact  by  f 
observing  that  the  same  marks  always  remain  in  the  same  place  upon  it.  Now,  ' 
in  order  that  a  globe  which  revolves  in  a  circle  around  a  centre  should  turn  ( 
continually  the  same  hemisphere  toward  that  centre,  it  is. necessary  tha 
should  make  one  revolution  upon  its  axis  in  the  time  it  takes  so  to  revo 
For  let  us  suppose  that  the  globe,  in  any  one  position,  has  the  centr?  rounil  S 
which  it  revolves  north  of  it,  the  hemisphere  turned  toward  the  centre  is  tumud  ( 
toward  the  north.  After  it  makes  a  quarter  of  a  revolution,  the  centre  is  to 
east  of  it,  and  the  hemisphere  which  was  previously  turned  to  the  north  must  J 
now  be  turned  to  the  east.  Aflet  it  has  made  another  quarter  of  a  revolution  } 
the  centre  will  be  south  of  it,  and  it  must  be  now  turned  to  the  south. 

ame  manner,  after  another  quarter  of  a  revolution,  it  must  be  turned  to  the  ) 
west.     As  the  same  hemisphere  is  successively  turned  to  all  the  points  of  tt 

lass  in  one  revolution,  it  is  evident  that  the  globe  itself  must  make  a  sing 
revolution  on  its  axis  in  that  time. 

It  appears,  then,  that  the  rotation  of  the  moon  upon  its  axis  being  equal  to  S 
that  of  its  revolution  in  its  orbit,  is  27  days,  7  hours,  and  44  minutes.     The  ii 
tervals  of  light  darkness  to  the  inhabitants  of  the  moon,  if  there  were  an; 
ould  then  be  altogether  different  from  those  provided  in  the  planets  ;  there  { 
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'  would  he  about  13  days  of  continued  light  alternately  with  13  days  of  con- 

J  tinned   darkness;  the   analogy,  then,  which  prevails   among  the  planets  with 

regard  to  Jays  and  nights,  and  which  forms  a  main  argument  in  favor  of  the 

conclusion  that  they  are  inhabited  globes  like  the  earth,  does  not  hold  good  in 

the  case  of  the  moon. 

Although  as  a  general  proposition  it  be  true  that  the  same  hemisphere  of  the 

moon  is  always  turned  toward   the  earth,  yet  ibere  are  small  variations  at  the 

edge  called  libratioas,  which  it  is  necessary  to  notice.     The  axis  of  the  moon  is 

\  not  exactly  perpendicular  to  its  orbit,  but  is  inclined  at  a  small  angle.     Byrea- 

1  of  thi's  inclination,  the  northern  and  southern  poles  of  the  moon  lean  al- 

^  temately  in  a  slight  degree  to  and  from  the  earth. 

When  the  north  pole  leans  toward  the  earth,  we  see  a  little  more  of  that  re- 

fion,  and  a  little  less  when  it  loans  the  contrary  way.     This  variation  in  the 

5  northern  and  southern  regions  of  the  moon  visible  to  us,  is  called  the  libration 

II  latitude. 

In  order  that  in  a  strict  sense  the  same  hemisphere  should  be  continually 

j  turned  toward  the  earth,  the  time  of  rotation  of  the  earth  upon  its  axis  must  not 

)  only  be  equal  the  time  of,  rotation  in  its  orbit,  which  in  fact  it  is,  but  its 

ingiilar  velocity  on  its  axis  in  every  part  of  its  course,  must  be  exactly  equal  to 

,ts  angular  velocity  on  its  orbit.     Now  it  happens  that  while  its  angular  ve- 

{  locity  on  its  axis  is  rigorously  uniform  throughout  the  month,  its  angular  ve- 

'  icity  in  its  orbit  is  subject  to  a  slight  variation ;  the  consequence  of  this  is 

lat  a  Uttle  more  of  its  eastern  or  western  edge  is  seen  at  one  time  than  at 

5  another.     This  is  called  the  libration  in  longitude. 

By  the  diurnal  motion  of  the  earth,  we  are  carried  with  it  round  its  axis ;  the 

talions  from  which  we  view  the  moon  in  the  morning  and  the  evening,  or  rather 

shen  it  rises,  and  when  it  sets,  are  then  different  according  to  the  latitude  of 

J  the  earth  in  which  we  are  placed.     By  thus  viewing  it  from  different  places, 

ee  it  under  slightly  different  aspects.     This  is  another  ■ 

which  we  see  in  its  eastern  and  western  edges ;  this,  is 

j  libration. 


I  called  the  diur 


While  the  moon  revolves  round  the  earth,  its  illuminated  hemisphere  ia  al- 
)  ways  presented  to  the  sun ;  it  therefore  takes  various  positions  in  reference  to 
;  the  earth.   In  the  annexed  diagram  the  effects  of  this  are  exhibited.    Let  S  repre- 

it  the  sun,  and  T  the  earth  ;  when  the  moon  is  at  A,  between  the  sun  and  the  J 
5  earth,  its  illuminated  hemisphere  being  turned  toward  the  sun,  its  dark  hemi- 
[  sphere  will  be  presented  toward  the  earth;  it  will  therefore  be  invisible.     In 
J  this  position  the  moon  is  said  to  be  in  conjunction.     When  it  moves  to  the  po- 
j  sition  B,  the  enlightened  hemisphere  being  still  presented  to  the  sun,  a  small  J 
5  portion  of  it  only  is  turned  to  the  earth,  and  it  appears  as  a  thin  crescent,  as 
;  represented  at  b.     When  the  moon  takes  the  position  of  C,  at  right  angles  U 
n,  it  ia  said  to  be  in  quadrature ;  one  half  of  the  enlightened  hemispher< 
\  only  is  then  presented  to  the  earth,  and  the  moon  appears  halved,  as  represented  i 
"'hen  it  arrives  at  the  position  D,  the  greater  part  of  the  enhghtened  J 
)  portion  is  turned  to  the  earth,  and  It  is  gibbous,  appearing  as  represi 
j  When  the  moon  comes  in  opposition  to  the  sun,  as  seen  at  E,  the  enlightened  J 

jemisphere  is  turned  full  toward  the  earth,  and  the  moon  will  appear  full, 
s  less  it  be  obscured  by  the  earth's  shadow,  which  rarely  happens.     In  the  s 
■    shown  that  at  Fit  is  again  gibbous  ;  at  Git  is  '    '    "     "" '  " 

s  full,  being  in  opposition 


When  the  n 
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in  the  meridian  at  midnight,  and  will  rise  as  the  sun  sets,  and  set  as  the  : 
rises  ;  and  thus,  whenever  the  enhghtened  hemisphere  of  the  moon  is  lumed  ) 
toward  vs,  and  when,  therefore,  it  is  the  most  capable  of  benefiting  us,  i 
up  in  the  firmament  all  night ;  whereas,  when  it  is  in  conjunction,  as  at  A,  and  ! 
the  dark  hemisphere  is  turned  toward  us,  it  would  then  be  of  no  use  to  us,  and 
is  accordingly  up  during  the  day.     The  position  at  C  is  called  the  "  first  quarter," 
and  at  G  the  "  last  quarter."     The  position  at  B  is  called  the  iirst  octant ;  D 
the  second  octant ;  F  the  third  octant ;  and  H  the  fourth  octant.     At  the  first  \ 
and  fourth  octants  it  is  a  crescent,  and  at  the  second  and  third  octants  it  is  gib- 


The  apparent  motion  of  the  moon  in  the  heavens  is  much  more  rapid  than  i 
J  that  of  the  sun ;  for  while  the  sun  makes  a  complete  circuit  of  the  ecliptic  ii 
j  365  days,  and  therefore  moves  over  it  at  about  1°  per  day,  the  moon  makes  \ 

'rcuit  in  little  more  than  37  days,  and  consequently  must  move  at 

j  the  rate  of  a  little  less  than  14°  per  day.     As  the  sun  and  moon  appear  to 

in  the  same  direction  in  the  firmament,  both  proceeding  from  west  to 

;he  moon  will,  after  conjunction,  depart  from  the  sun  toward  the  east  at 

te  of  about  13°  per  day.     If,  then,  the  moon  be  in  conjunction  wiili  the 

n  any  given  day,  it  will  be  13°  east  of  it  at  the  same  time  on  the  follow- 

J  ing  day;  26«  east  of  it  after  two  days,  and  so  on.     If,  then,  the  sun  set  with  I 

on  any  evening,  it  will,  at  the  moment  of  sunset  on  the  following  J 

J  OTening,  be  13°  east  of  it,  and  at  sunset  will  appear  as  a  thin  crescent,  e 

^onsiderable  altitude  ;  on  the  succeeding  day  it  will  be  26°  east  of  the  s 

md  will  be  at  a  still  greater  altitude  at  sunset,  and  will  be  a  broader  ctesci 

\  After  seven  days,  the  moon  will  be  removed  90°  from  the  sun  ;  it  will  be  ai 

T  the  meridian  at  sunset.     It  will  remain  in  the  heavens  for  about  six  hours  i 
i  after  sunset,  and  will  be  seen  in  the  west  as  the  half-moon.     Each  successiv 
i  evening  increasing  ita  distance  from  the  sun,  and  also  increasing  its  breadth,  i 

will  be  visible  in  the  meridian  at  a  later  hour,  and  will  consequently  be  longer  ) 
J  apparent  in  the  firmament  during  the  night — it  will  then  be  gibbous.  After  ' 
?  about  fourteen  days,  it  will  be  180°  removed  from  the  sun,  and  will  be  full,  and  ! 
ly       11  rise  when  the  sun  sets,  and  set  when  the  sun  rises — being  J 

I  night.     After  the  elapse  of  three  weeks,  the  distance  of  the  , 
n  h        1  being  about  270°,  it  will  not  reach  the  meridian  until  nearly  ] 

f  se  ;  it  will  then  be  visible  during  the  last  six  hours  of  the  j 

)       Th     moon  will  then  be  waning,.and   toward  the    close  of  the  j 

II  ly  be  seen  in  the  morning  before  sunrise,  and  will  appear  a 
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HAS    THE    MOON    AN    ATMOSPHERE  ? 

In  order  to  determine  whetlier  or  not  the  globe  of  the  moon  is  siiirounded  ( 
(  with  any  gaseous  envelope  like  the  atmosphere  of  the  earth,  it  ia  necessary  J 
J  first  to  consider  what  appearances  such  an  appendage  would  present,  seei 
j  the  moon's  distance,  and  whether  any  such  appearances  are  discoverable  upon  > 
5  the  moon. 

According  to  ordinary  and  popular  notions,  it  is  difficult  to  separate  the  idea 
>f  an  atmosphere  from  the  existence  of  clouds ;  yet  to  produce  clouds  some- 
)  thing  more  is  necessary  than  air.     The  presence  of  water  on  the  surface  is 
5  indispensable,  and  if  it  be  assumed  that  no  water  exist,  then  certainly  the  ab- 
le of  clouds  is  no  proof  of  the  absence  of  an  atmosphere.     Be  this  as  it 
5  may,  however,  it  is  certain  that  there  are  no  clouds  upon  the  moon,  for  if  there  j 

e,  we  should  immediately  discover  them,  by  the  variable  lights  and  shadi 
i  they  would  produce.     If  there  is,  then,  an  atmosphere  upon  the  moon,  it  is 
entirely  unaccompanied  by  clouds. 

One  of  the  effects  produced  by  a  distant  view  of  an  atmosphere  surrounding  < 
a  globe,  one  hemisphere  of  which  is  illuminated  by  the  sun,  is,  that  the  bounda- 
ry, or  line  of  separation  between  the  hemisphere  enlightened  by  the  sun 
)  the  dark  hemisphere,  ia  not  sudden  and  sharply  defined,  but  is  gradual — the  ) 
5  light  fading  away  by  slow  degrees  into  the  darkness.  This  is  an  effect  pro- 
ved by  a  portion  of  the  atmosphere  which  extends  over  the  dark  hemispl 
(  being  illuminated  by  the  sun.  Let  A  B  (fig.  2)  be  a  diameter  of  the  ni 
S  separating  the  enlightened  hemisphere  A  M  B  from  the  dark  hemisphere  A  N  ) 
J  B.  Let  C  E  D  F  be  the  upper  surface  of  the  atmosphere.  Let  S  T  be  rays  < 
5  from  the  sun  touching  the  moon  at  A  B.  It  is  evident  that  the  portion  of  the  ) 
oaphere  included  between  A  T  and  C  T,  and  that  between  B  T  and  D  T,  ■ 

Fig.  3. 


J  will  be  illuminated  by  the  sun  ;  and  if  the  moon  be  viewed  from  a  distant  point  J 
(  G,  then  these  latter  portions  of  the  atmosphere  will  he  seen  throwing  a  faint  ( 
J  light  on  a  portion  of  the  dark  hemisphere,  which  light  will  become  gradually  i 
)  fainter  till  it  dies  away.  This  is  the  effect  which  on  the  earth  is  the  cause  of  ( 
morning  and  evening  twilight.  i 

Jow,  if  such  an  effect  as  this  were  produced  upon  the  moon,  it  would  be  j 
{  discoverable  by  us  with  the  naked  eye,  and  still  more  certainly  with  the  tele-  } 
J  scope.  When  the  moon  is  a  crescent,  its  concave  edge  is  -the  boundary  which  J 
J  separates  the  enlightened  from  the  dark  hemisphere.     When  it  is  in  the  quar-  ( 
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s  also  that  boundary.     In  neither  of  these  j 
r  the  slightest  indication  of  any  such  ap- 
n  described.     There  is  no  gradual  fading  ( 
1  the  contrary,  the  boundary,  though  ( 
,  18  nevertheless  perfectly  well-defined  and  sudden, 
iices  conspire  to  raise  a  presumption  that  there  does 
;ny  atmosphere  capable  of  reflecting  light  in  any  sensible  J 

inded  that  a 


1,  tbe  diameter  of  the  semi-circli 
\  cases,  however,  do  we  ever  disco 

ranee  as  that  which  has  just  b 
(  away  of  the  light  into  the  darkness  ; 

All  these  circumsta 
^xist  upon  the  moon  ; 
J  degree. 

^ut  it  may  be  contended  that  an  atmosphere  may  still  exist,  though  loo  aiten- 
i  ualed  to  produce  a  sensible  twilight.     Astronomers,  however,  have  resorted  to 
5  another  lest  of  a  much  more  decisive  and  delicate  kind,  the  nature  of  which  J 
J  will  be  understood  by  explaining  a  simple  principle  of  optics. 

When  a  ray  of  light  passes  through  a  transparent  medium,  such  as  air,  water,  J 
j  or  glass,  it  is  generally  deflected  from  its  rectilinear  course,  so  as  to  form  an 
mgle.  A  simple  and  easily- executed  experiment  will  render  this  intelligible. 
Let  a  visible  object,  such  as  a  cent-piece,  be  placed  at  C,  in  the  bottom  of  a 
}  bucket.  Let  the  eye  be  placed  al  E,  so  that  the  side  of  the  bucket,  when  ) 
j  empty,  shall  just  conceal  the  coin  from  the  eye,  and  so  that  the  nearest  point  to 
j  the  coin  visible  to  the  eye  shall  he  at  A,  in  the  direction  of  the  line  E  B  A. 
\  Let  the  bucket  be  now  filled  with  water,  and  the  coin  will  become  immediate- 
j  ly  visible  ;  the  reason  of  which  is,  that  tlie  ray  of  light  C  B  proceeding  from  the  J 

'  1  is  bent  at  an  angle  in  passing  from  the  water  inlo  the  air,and  reaches  tHe  eye 
}  by  the  angular  course  C  B  E.     Thus  it  appears  that  the  coin  will  be  visible 
he  eye,  notwithstanding  the  interposition  of  the  opaque  side  of  the  bucket.  ' 

rig.  3. 


B  how  this  principle  can  be  applied  to  the  case  of  the  moon's  atmo- 
)  Bpliere,if  such  there  be,  LetMN{fig.4)representlhe  diskof  themoon.  LetAB 
S  represent  the  atmosphere  which  surrounds  it.     Let  C  D  and  E  F  represent  two  I 
)  lines  touching  tlie  moon  at  M  and  N,  and  proceeding  toward  the  earth. 
)  S  T  be  two  stars  seen  in  the  direction  of  these  lines.     If  the  moon  had  n 
(  mosphere,  these  stars  would  appear  to  touch  the  edge  of  the  moon  at  M  and  S 
J  N,  because  the  rays  of  light  from  them  would  pass  directly  along  the  lines  ( 
(  S  M  D  and  T  N  F  toward  the  eaith  ;  but  if  the  moon  have  an  atmosphere,  then  S 
atmosphere  will  possess  the  property  which  is  common  to  ail  transparent  j 
i  niedia  of  refracting  hghl,  and, in  virtue  of  such  property,  stars  in  such  positions  as  j 
1  Q  and  R,  behind  the  edge  of  the  moon,  would  be  visible  at  the  earth,  for  the  ray  < 
(  Q  M,  in  passing  through  the  atmosphere,wouldhebentat  anangleinthedirei 
J  Q  M  P,  and  in  like  manner  the  ray  R  N  would  be  bent  at  the  angle  R  N  0 — so  that  { 
i  stars  Q  and  R  would  be  visible  at  P  and  0,  notwithstanding  the  interposi 
n  of  the  edges  of  the  moon.     This  effect  is  precisely  the  same  as  that  in  th( 
ample  of  the  coin  in  the  bucket ;  the  ray  from  the  star  is  bent  over  the  edge  5 
)  of  the  moon  so  as  to  render  the  star  visible  notwithstanding  the  interposition  of  J 
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ihat  edge  just  for  the ,. 

coin  is  bent  over  the  side  of  the  bucket 
withstanding  the  opacity  of  that  side. 


)  of  the  firmament,  stars  will  be  con       ally        bl     at  its  edge  which  are  really  | 
s  behind  it  if  it  have  an  atmosphe      and  he    x  en  to  which  this  effect  will  tf ' 
/  place  will  be  in  proportion  to  th    d  ns  y  of   he  atmosphere. 

The  magnitude  and  motion  of  he  noon  and  Ii    relative  positions  of  the  stars  i 
ire  so  accurately  known  that  nothing  is  more  easy,  certain,  and  precise,  than  \ 
)  the  observations  which  may  be  made  with  the  view  of  ascertaining  whether  J 

,  a  which  are  sensibly  behind  the  edge  of  the  moon.    Such  S 

5  observations  have  been  made  by  the  most  skilful  astronomers,  and  no  such  ef-  j 


J  susceptible  of  ( 
Losphere  existed  upon  J 
i  presence  i 


j  feet  has  ever  been  detected.     This  species  of  obs 
J  such  extreme  accuracy,  that  it  is  certain  that  if  an 
a  thousand  times  less  dense  than  our  ow 
)  been  delected. 

t  what  is  an  atmosphere  a  thousand  times  less  dense  than  ours  ?     Our  a 
^  here  supports  by  its  pressure  a  column  of  thirty  inches  of  mercury  in  th 
J  barometer.     One  a  thousand  limes  less  dense  would  not  support  so  much  as  \ 
J  the  thirtieth  of  an  inch ;  in  short,  it  may  be  considered  as  proved  that  there  J 
it  exist  upon  the  moon  an  atmosphere  as  dense  as  is  found  under  tl 
of  the  most  perfect  air-pump  after  that  instrument  has  withdrawn  from  J 
it  extent  of  its  power.     In  fine,  it  may  be  considered  f 
r  upon  the  moon. 


)  demonstrated  that  ther 


THE    PHYSICAL    QUALITIES    OF    MOONLIGHT. 

It  has  long  been  an  object  of  inquiry  among  philosophers  whether  the  light  i 
j  of  the  moon  has  any  heat,  but  the  most  delicate  experiments  and  observations 
J  have  failed  to  detect  this  property  in  it. 

}      A  thermometer  of  extreme  sensibility,  called  a  differential  thermometer,  was 

{  the  instrument  applied  to  this  inquiry.     Let  E  and  F  be  two  thin  glass  bulbs  J 

f  connected  by  a  rectangular  glass  tube  E  A  B  F  partially  filled  wish  a  liquid  t( 

\  the  level.     Let  the  bulbs  E  and  F  contain  air.     If  the  bulb  F  be  exposed  tc 

!  any  source  of  heat  or  cold  different  from  E,  the  air  within  it  will  expand  oi 

!  contract,  and  the  liquid  in  F  B  will  fall  or  rise.     This  instrument  has  such  ex 

j  treme  sensibility  that  it  is  capable  of  rendering  manifest  a  change  of  tempera- 

e  amounting  to  the  five  hundreth  part  of  a  degree.     The  light  of  the  moor 

.8  collected  into  the  focus  of  a  concave  mirror  of  such  magnitude  as  would 

ice  been  sufficient,  if  exposed  to  the  sun's  light,  to  evaporate  gold  or  platim 

{  The  bulb  of  the  differential  thermometer  was  placed  in  its  focus  so  as  to 
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ceive  upon  it  the  concentrated  rays  of  the  moon.     Yet  no  sensible  efTect  w 
produced  upon  the  ihermometer.     We  must  therefore  conclude  that  the  Ught  of   , 
the  moon  does  not  possess  the  calorific  properly  in  any  sensible  degree. 

This  reSilt  will  create  less  surprise  when  the  comparative  density  of  s 
light  and  moonlight  are  considered.  It  may  be  assumed  without  sensible 
lor  that  the  intensity  of  the  sun's  light  on  the  surface  of  the  moon  and  on  the  J 
earth  is  the  same,  it  follows  from  this,  that  supposing  no  light  whatever  to 
absorbed  by  die  moon,  but  the  entire  light  of  the  sun  to  be  reflected  from  its  { 
surface  undiminished,  the  intensity  of  moonlight  at  the  earth  would  bear  to  the 
intensity  of  sunlight  the  same  proportion  as  the  magnitude  of  the  moon  bears  ( 
to  the  magnitude  of  the  entire  firmament,  that  is,  the  proportion  very  nearly  of  oi 
to  three  hundred  thousand  ;  but  there  is  no  reflecting  surface  however  perfect  ) 
which  does  not  absorb  the  light  incident  upon  it  in  a  very  considerable  degree,  ; 
and  the  rugged  surface  of  the  moon  must  be  a  most  imperfect  reflector.  It  may  / 
then  be  considered  as  demonstratedlhattheintensity  of  moonlight  is  much  more  J 
than  three  hundred  thousand  times  more  feeble  than  that  of  sunlight.  We  j 
shall  not,  then,  be  surprised  at  the  absence  of  its  heating  power.  j 

But  if  the  rays  of  the  moon  be  not  warm,  the  vulgar  impression  that  they  j 
are  cold  is  equally  erroneous.  We  have  seen  that  they  produce  no  effect  either  } 
way  on  the  thermometer. 


We  shall  presently  see  that  telescopic  observatio 
of  oceans,  seas,  or  any  other  large  reservoirs  of  w 
aatellile.  This  is  not  sufiicienl,  however,  to  establish  the  total  abse 
ter  upon  it,  for  besides  its  possible  existence  in  the  form  of  rivers  and  small  ) 
lakes  too  minute  to  be  discovered  by  the  telescope,  it  might  exist  in  the  pores  J 
of  organized  and  unorganized  matter. 

If,  however,  water,  or  any  other  liquid,  existed  upon  the  moon,  it  would  be 
subject  to  the  common  process  of  evaporation,  which  would  take  place  the 
more  freely  because  of  the  absence  of  an  atmosphere.     It  is  evident,  then,  that  J 
the  existence  of  liquids  on  the  moon  would  necessarily  be  attended  with  the  ) 
existence  of  an  atmosphere  surrounding  the  moon  composed  of  the  vapor 
of  ihose  liquids.     It  is  difficult  to  imagine  how  such  an  atmosphere  could  ex- 
ist without  clouds,  but  its  non-existence  is  conclusively  proved  by  the  fact  that  i 
its  presence  cannot  be  detected  by  the  optica!  test  above-mentioned,  by  which  } 
the  absence  of  an  atmosphere  is  proved — an  atmosphere  of  vapor,  having  in  J 
common  with  air  and  other  transparent  media  the  property  of  refraction,  its  ef-  i 
feet  on  the  stars  will  be  similar,  and  consequently  the  same  test  which  proves  j 
the  absence  of  an  atmosphere  of  air  equally  proves  the  absence  of  a 
sphere  of  vapor. 
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Among  the  many  ir  fl  whi  h    h     m  ppo    d    by 

general,  to  exercise  up  gl  b  f   h         wl     h  h        b 

versafly  Ije'.ieved,  in  all    g         d        II  h        h    h 

U>  exert  upon  the  chang       f   h    w      h         Al  h    gh  h    p  1 

tliis  influence  are  aom  p         ddbd        bdh       ly 

ciple,  or  rule,  which  p         1  h    h     w    Id        g  1       tl 

weather  may  bo  looked  f  hphf  dfU  h 

if  the  weather  be  pres        lyf  11  b      mfl       dffl 

fair.     Similar  changes  1  m     m        h    gh  d 

for,  at  the  epochs  of  th    q 

A  question  of  this  kdybgddhasq  f 

a  question  of  fact. 

If  it  be  regarded  as     q  f  11  d     p 

how  and  by  what  prop     y    f  1       i         f 

moon,  at  a  distance  of     q  f  1]  f      |  mb  ts     ff  " 

with  the  sun,  at  four  hdd  hd  pd  1  ilgd 

changes  ?     To  this  it       y  b         dilj        w      d  h  k     w    1  w      p        pi 

has  hitherto  explained      yhphm  Thm  d         mdb 

less,  affect  the  ocean  of  hhrr      dhglb  hyff       h 

of  water— producing  effects  analogous  to  tides  ;  but  when  the  quantity  of  such 
an  effect  is  estimated,  it  is  proved  to  be  utterly  inappreciable,  and  such  as  could 
j  byjio  means  account  for  the  meteorological  changes  here  adverted  to. 

ivestjgations  of  this  kind  we  proceed  altogether  in  the  wrong 
h  gdhwm  whh  g 

f  h        pp      d  ph      m  Tl  h  d    f 

1     h  b  q       h  d  bj    1 


IP 


pl 


n  conductin; 


f  h  phj  1 
g  phy  1  ( 
d     1     hh 


ly      q 


h     b  f 


kf 


f  I 


f  1     k    d 


f 


f  /        b  f 


What,  then,  let  us  see,  la  the  present  question  ?     It  is  asserted  that  the  moon 

<  produces  such  an  influence  on  the  weather  as  to  cause  it  to  change  at  the  new 
?  a.nd  full  moon,  and  at  the  quarters.  But  in  this  mode  of  stating  the  proposi- 
{  tion,  there  are  implicitly  included  two  very  distinct  points,  one  of  which  is  a 
I  simple  matter  of  fact,  and  the  other  a  point  of  physical  science. 

First. — It  is  asserted  that  at  the  epochs  of  a  new  and  full  moon,  and  at  the 
)  quarters,  there  is  generally  a  change  of  weather.     This  is  a  mere  statement  ? 

<  of  alleged  fact. 

Second. — It  is  asserted  that  the  phases  of  the  moon,  or  in  other  words,  I 
J  relative  position  of  the  moon  and  sun  in  regard  to  ihe  earth  is  the  cause 
(  these  changes. 

<  Now  it  is  evidently  necessary  to  settle  the  first  question  before  we  trouble  i 
j  ourselves  with  the  second,  for  if  it  should  so  happen  that  the  first  statement  [ 

<  should  prove  to  be  destitute  of  foundation  the  second  falls  to  the  groui 
)       The  question  of  fact,  here  before  us,  is  one  most  easily  settled.     In  many  I 

<  meteorological  observations  throughout  Europe,  a  register  of  the  weather  in 
)  all  respects,  Jias  been  kept  for  a  long  period  of  lime.  Thus  the  height  of  the 
I  barometer,  the  condition  of  the  thermometer,  the  hydrometer,  and  the  rain 
(  gauge  ;  the  form  and  character  of  the  clouds,  the  times  of  the  falling  of  rain. 
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316  THE  MOON. 

hail,  and  snow,  and  in  short,  every  particular  respecting  the  weather  has  bi 
duly  registered,  from  day  to  day,  and  often  from  hour  lo  hour. 

The  period  of  the  lunar  phases,  it  is  needless  to 
istered,  and  it  is,  therefore,  possible  to  compare  one 


has  also  been  reg- 
of  changes  with  iha 


other 
This, 


juxtaposition,  i 


ed  in  two  parallel  col- 
'  and  full  moons,  and 
weather  at  these  times, 


done.  We  can  imagine,  pi; 
le  series  of  epochs  of  the  he 
the  quarters,  and  the  corresponding  conditions  of  the 
for  fifty  or  one  hundred  years  back,  so  that  we  may  be 
as  a  mere  matter  of  fact,  the  conditions  of  the  weather  for  one  thousand  or 
twelve  hundred  full  and  new  moons  and  quarters.  '  The  result  of  such  an  exami- 
nation has  been,  that  no  correspondence  whatever  has  been  found  to  exist  be- 
tween the  two  phenomena.  Thus  lei  us  suppose  that  one  hundred  and  twenly- 
iive  full  moons  be  taken  at  random  from  the  table :  if  the  condition  of  the 
weather  at  these  several  epochs  be  examined  it  will  be  found,  probably,  thai  in 
sixty-three  cases  there  was  a  change  of  weather,  and  in  sixty-two  there  was 
not,  so  that  under  such  circumstances  the  odd  moon  in  this  division  of  one  hun- 
dred and  twenty-five  would  favor  the  popular  opinion  ;  but  if  another  random 
collection  of  one  hundred  and  twenty-five  full  moons  be  taken,  and  similarly 
examined,  it  will  probably  be  found  that  sixty-three  are  not  attended  by  chan- 
ges of  weather,  while  sixty-two  are.  With  its  characteristic  caprice  the  moon 
on  this  occasion  opposes  the  popular  opinion  ;  in  short,  a  full  examination  of 
the  table  shows  that  the  condition  of  the  weather  as  to  change,  or  in  any  other 
respect,  has,  as  a  matter  of  fact,  no  correspondence  whatsoever  with  the  lunar 
phases. 

Such,  then,  being  the  case,  it  would  be  idle  to  allerapt  to  seek  for  a  physical 
cause  of  an  effect  which  is  destitute  of  proof. 


Curiosity  will  doubtless  be  awakened  in  a  very  lively  manner  regarding  tl 

physical  condition  of  our  moon  :   what  part  has  the  Maker  of  the  solar  system  ) 

destined  this  body  to  piay  in  the  economy  of  his  creation  1     Is  it  a  globe  teem-  J 

ing  with  life  and  organization  like  the  earth  ?     Is  that  orb,  which  rolls  in  silent,  ) 

serene  majesty  in  her  silent  course  through  the  midnight  firmament,  the  abode  S 

of  life  and  intelligence  ?     The  beauty  of  her  appearance,  and  the  interest  insep-  > 

arable  from  this,  naturally  lead  the  mind  to  conjectures  of  this  kind.     Yet 

circumstances  which  1  have  unfolded  regarding  the  total  absence  of  air  and  " 

ter,  appear  lo  exclude  the  possibility  of  any  such  supposition.     How,  may  il 

asked,  can  it  be  conceived  that  a  globe  can  have  upon  it  an  organized  world  ? 

which  is  destitute  of  fluid  matter  in  every  form?     How  can  growth,  which  im-  J 

plies  gradual  change,  mcrease,  and  diminution,  and  all  the  various  effects  in  which  J 

fluidity  is  an  agent,  go  on  ther 

a   d    un  hangeable,   crude   raasi 

f  pu  po    s  in  onr  natural  and  s 

n    i    h    water  and  the  atmo 

b    f  Ifiiled  upon  the  moon. 

m  y  be  cleared  up  to  some  ext< 

h  n  ific  research  have  collected  ti 

of  h      u  face  of  our  satellite. 

li  we    xamine  the  moon  carefully,  even  without  the  aid  of  a  telescope,  w 

\  ]\  A     over  upon  it  distinct  and  definite  lineaments  of  light  and  shado\ 

rh       f    lures  never  change  ;  there  they  remain,  always  in  the  sSme  posiiion  J 

J  up       h     Isible  orb  of  the  moon.     Thus  the  features  that  occupy  i 


How  can  they  proceed  upon  such  a  solid,  ' 
i  ?  Let  it  be  remembered  what  a  multitude  { 
jcial  economy  are  subserved  by  the  combina-  ' 
sphere  of  our  globe.     None  of  these  purposes  ) 

Perhaps,  however,  our  notions  on  such  qnes- 
le  ext«nt  by  a  careful  examination  of  the  facts 
;ether  respecting  the  physical  condition 
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now,  have  occupied  the  same  position  throughout  all  human  record.  We  have  } 
.  already  stated  thai  the  first  and  most  obvious  inference  which  this  fact  suggests',  ! 
I  is  that  the  same  hemisphere  of  the  moon  is  always  presented  toward  the  earth,  ) 
>  and  consequently,  the     '-      >  > 

(  This  singular  chaiact 
j  the   earth,  seems  to 
(  system.      Sir  Wiilia 
S  certained  that  the  m 
(  senting  continually  th 
I  culiar  motion  has  bee 
ispliere  of  the  sa 
j  ted  and  protuberant, 
(  direct  itself  always  to 
j  of  attraction.     Be  th 
J  our  geographical  knot 
\  is  turned  toward  us. 
If  the  moon  were  i 
spectacle  presented  to  them  by  the  earth.'  In  their  firmament  the  earth 
object  with  a  diameter  four  times,  and  a  disk  sixteen  .times,  greater  Aan  that 
which  the  moon  presents  to  lis.    A  spectator  placed  on  the  centre  of  the  hemi- 
sphere of  the  moon  which  is  toward  us,  would  see  the  orb  of  the  earth  pre- 
senting the  appearance  of  a  gorgeous  moon  of  immense  magnitude,  always  in 
his  zenith ;  it  would  never  rise,  nor  set,  nor  change  its  position  at  all  in  the 
firmament ;  it  would,  however,  undergo  all  the  varieties  of  phases  of  the 
— when  the  moon  appears  to  us  full,  it  would  be  new,  and  when  the  moon  ap- 
pears new,  it  would  be  full ;  when  the  moon  appears  to  us  a  crescent,  it  would 
be  gibbous,  and  vice  versa. 

But  what  is  the  condition  and  character  of  the  surface  of  the  moon  ?  What 
are  the  lineaments  of  light  and  shade  which  we  see  upon  it  ?  There  is  no  ob- 
ject outside  the  earth  with  which  the  telescope  has  afforded  ns  such  minute 
and  satisfactory  information. 

If,  when  the  moon  is  a  crescent,  we  examine  with  a  telescope,  even 
of  moderate  pqwer,  the  concave  boundary  which,  is  that  part  of  the  lunar 
surface  where  the  enlightened  hemisphere  ends  and  the  dark  hemisphere 
begins,  we  shall  find  that  this  boundary  is  not  an  even  and  regular  cun'e,  which 
it  undoubtedly  would  be  if  the  surface  of  the  globe  of  the  moon  e  m  th 
and  regular,  or  nearly  so.     If,  for  example,  the  I  f  mbl  d 

.    general  characteristics  that  of  our  globe  ;  gran  n      h  lb  f  w 

ler,  and  that  the  entire  surface  is  land,  that  land  h  d    h     g         11 
istics  of  the  continents  of  the  globe  of  the  earth     h  n  I    ay    h      h       n 
boundary  of  the  lunar  crescent  would  still  be  a  r  g  I  b    k 

runted  only  at  particular  points.     Where  great  mutan        g       ik      he 
of  'the  Alps,  the  Andes,  or  the  Himalaya,  might  ch  n  u  h  pi 

h       I  fly  p    k    would  project  vastly-elonga    d     h  d  w      1     g    h      dj 
pi  f        w  11  be  remembered,  that,  being  d         h  m  ( 

q  h    b       dary  of  the  enlightened  and  d    k      d  1         ph  he  i 

h  d  w  w  uld  b  hose  of  evening  and  morning  wh  I  p  d  g  1  1  n  J 
g      ban  h      bj  hemselves.    The  effects  of  h  Id  i  p     - 

n  1  e  general  outline  of  the  in       b      d  ry    f   h 

ptiona,  the  inner  boundary  of  the  crescent  produced  by  a 
1  and  regular  curve, 
with  the  inner  boundary  of  the  lunar  cres- 
ed  by  the  naked  eye,  and  still  less  so  when  magnified 
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It  is  found,  on  the  other  hand,  that  this  boundary  is  everywhere  rugged 
and  serrated,  and  briJhantly-illuminaied  points  are  seen  in  the  dark  parts  of  the 
moon,  at  some  distance  from  the  general  boundary  of  the  illuminated  part,  while 
dark  shadows  of  considerable  length  appear  to  break  into  the  illuminated  sur- 
face. In  short,  there  is  a  continued  irregularity  throughout  the  whole  extent 
of  the  inner  boundary  of  the  lunar  crescent.  The  inequalities  thus  apparent 
indicate  singular  geographical  and  geological  characteristics  of  (he  lunar  sur- 
face. Each  of  the  bright  points  which  are  seen  within  the  dark  hemisphere 
are  the  peaks  of  lofty  mountains  tinted  with  the  sun's  light.  They  are  in  the 
condition  with  which  all  travellers  on  Alpine  points  are  familiar ;  after  the  sun 
has  set,  and  darkness  has  set  in  over  the  valleys  at  the  foot  of  the  chain,  the 
sun's  light  still  continues  to  illuminate  the  lofty  peaks  above.  The  dark  streaks 
which  break  into  the  illuminated  hemisphere  of  the  moon  are  those  of  lofty 
mountains  within  that  hemisphere  which  project  their  shadows  toward  the 
dark  hemisphere. 

It  appears,  then,  that  the  surface  of  the  moon  is  a  continuity  of  mountainous 
regions.  If  we  examine  by  means  of  a  powerful  telescope  the  full  moon,  we  find 
those  features  rendered  larger  and  more  conspicuous,  and  greatly  midtiplied  in 
number.  Whai,  it  may  be  asked  then,  are  those  peculiar  phenomena  thus  dis- 
covered upon  the  full  moon  ?  What  is  signified  by  the  dark  and  what  by  the 
lighter  parts  ?  Elaborate  telescopic  research  has  shown  us  that  the^ark  parts  are 
g  II  viiies  into  which  the  li<rht  of  the  sun  penetrates  imperfectly  while 
h  h  1  gh  w  h  gr 


?  T  w    d    h 
h  d 


f   I 


f   h     f  II 


d  h 
byB 


1        1      d    k  p 
d      d  h    h 


wh     1         p  bl   h  d 


1  ly    i  b 


p  bl  h  d  by  h 
lyb         d 


I 


d  h 


fifh     f  h    p 


f   h 


d  ph 


Tl 


bl 
d  dby 


1 


wllfkfrugldgl 

are  very  various  m  diameter,  varying  from  50  or  60  miles  to  a  few  hundred  feet,  i 
and  die  number  of  them  increases  as  the  magnitude  diminishes.     The  ridge  ^ 
surrounding  these  craters  is  generally  precipitous  and  nearly  vertical  on  the 
inside,  but  sloping  more  gradually  on  the  outside.     On  descending  to  the  bot- 
tom, it  is  often  found  to  arrange  itself  in  steps  or  terraces.    ■'  The  bottom  of  the 
crater,"  says  Professor  Nichol,  who  has  examined  in  detail  the  labors  of  Beer  S 
snd  Madler,  "  is  very  often  convex,  and  low  ridges  of  mountains  run  through  ? 
it.    We  also  find  in  it  isolated  conical  peaks  and  smaller  craters,  whose  heights,  , 
however,  seldom  reach  the  level  of  the  base  of  the  exterior  wall.     These  curi- 
ous objects  are  on  some  parts  of  the  moon  so  crowded  that  they  seem  to  have 
pressed  on  each  other,  and  disturbed  and  even  broken  down  each  other's 
boundaries,  so  that  through  the  mutual  interference  the  most  oddly-shaped  cav- 
erns have  arisen.     It  has  often  been  observed  that  smaller  craters  are  found  on 
the  walls  of  the  crater,  and  in  many  instances  we  can  discern  ihat  the  wall 
has  been  shaken  by  force. 
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Among  the  singular  remarkable  appearances  upon  the  moon,  is  that  of  a ; 
system  of  rays  which  appear  to  diverge  from  the  crater-shaped  ridges.  One  of . 
the  most  remarkable  of  these  is  exhibited  in  the  appearance  of  the  mountain 
called  Tycho.  At  the  time  of  full  moon,  these  appearances  generally  cast 
very  broad,  brilliant  bands,  issuing  from  all  sides  of  the  crater,  and  stretching 
to  a  greater  or  less  distance,  sometimes  extending  over  a  space  of  several  hun- 
dred miles.  Two  characteristics  of  these  singular  bands-  necessarily  attract  no- 
tice. First,  the  light  they  throw  is  exactly  of  the  same  kind  aa  that  reflected 
from  the  edge  of  rite  crater  itself,  and  from  the  lowest  part  of  the  chasm ;  so 
that  we  must  suppose  that  the  matter  forming  them  had  the  same  origin  and 
source  as  the  other  portion  of  these  mountainous  formations.  Secondly,  it  will 
be  observed  that  they  hold  their  course  without  being  interrupted  by  olber  for- 
mations on  the  lunar  -surface.  If,  instead  of  a  general  rugged  surface,  the 
face  of  the  moon  had  been  one  unbroken  plane,  the  course  of  these  radiating 
lines  coult^  not  have  been  less  disturbed,  except  that  they  accommodate  them- 
selves to  the  contour  of  the  surface  ;  if  they  meet  a  valley,  they  bend  with  it ; 
if  a  precipitous  mountain,  they  rise  with  it  precipitously ;  and  then  pursue 
their  previous  path. 

Before  we  dismiss  the  mountainous  character  of  the  moon's  surface,  it  may 
be  well  to  state  that  the  heights  of  these  mountains,  and  the  depths,  in  many 
cases,  of  their  cavities,  have  been  pretty  accurately  ascertained  by  the  meas- 
urement of  their  shadows.  It  is  generally  stated  that  they  are  higher 
than  the  mountain  ranges  of  the  earth.  This,  in  a  literal  sense,  is  not  true. 
The  lunar  mountains  do  not  attain  to  the  actual  height  of  some  of  the  highest 
of  the  terrestrial  ranges  ;  but,  considering  that  the  moon  is  a  globe  on  a  scale 
one  fourth  that  of  the  earth,  it  may  be  truly  stated  that,  according  to  the  relative 
sizes  of  the  globes,  the  lunar  mountains  are  considerably  higher  than  those  of 
the  earth. 

It  is  not  the  mere  height  of  these  mountains  that  so  forcibly  commands  at- 
tention ;  it  is  their  universal  prevalence. 

At  the  early  epochs  of  telescopic  discoveries,  when  the  moon  was  examined 
by  telescopes  of  inferior  power,  extensive  regions  were  observed  upon  it,  which 
seemed  to  be  level  surfaces,  and  which  were  therefore  mistaken  for  seas.  These 
regions  in  the  lunar  surface  have  received  names,  every  conspicuous  moun- 
tain being  designated  by  a  peculiar  title,  names  were  also  given  to  those  ap- 
parent level  portions,  such  as  the  Mare  Imbrium,  &c.  As  the  power  of  the 
telescope  was  improved,  it  soon  became  apparent  that  regions  supposed  to  be 
seas,  were  covered  with  asperities  and  inequ^ities,  less  Indee-d  in  elevation 
than  other  parts  of  the  moon,  but  still  considerable.  Every  augmentation  of 
power  which  the  telescope  received,  only  adds  fresh  proof  that  there  is  no  por- 
tion of  the  moon  absolutely  level,  and  consequently  that  there  does  not  exist 
upon  it,  at  least  on  the  visible  hemisphere,  a  collection  of  water. 

The  celebrated  telescopic  view  of  the  moon  produced  by  the  labors  of  Beer 
and  Madler,  to  which  I  have  more  than  once  referred,  is  exhibited  on  a  re- 
duced scale  in  the  frontispiece  of  this  volume.  The  mere  inspection  of  that 
drawing  will  afford  abundant  evidence  to  corroborate  the  statements  which 
have  been  here  made  ;  more  especially,  if  it  be  remembered  that  minute  por- 
tions of  that  view,  where  no  inequalities  are  exhibited,  will  show  innumerable 
inequalities  jf  submitted  to  an  examination  with  a  still  higher  magnifying 
power. 

I  annex  here  two  highly-magnified  views  of  detached  portions  of  the  lunar 
surface,  supplied  by  the  observations  of  Madler.  In  these  the  prevalence  of 
the  crater  form  is  especially  ccflispicuous.     The  names  of  the  more  remarkable 
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Astronomers  have  occasionally  extended  their  speculations  beyond  the  ii 
j  mediate  and  rigorous  limits  of  observation,  and  had  endeavored  by  analogy  to 
(  afford  us  some  idea  of  the  actual  condition  of  lunar  surface 
}  drawing  of  a  lunar  crater,  from  the  design  of  a  Fp-ench  obse 
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We  find  that  J 


s  greatest  dis- 
at  its  least  \ 
directly  op- 
n  undergoes 


tance.  Now  we  find  by  observation  that  such  apparent  chang 
observed  in  its  monthly  course  around  the  earth.  The  moon 
continual  and  small,  though  perceptible  change  of  apparent  size 
it  diminishes  until  it  reaches  a  minimum,  and  then  gradually  ii 

When  the  apparent  magnitude  of  the  moon  is  least,  it  is  at 
tance  from  us,  and  when  its  apparent  magnitude  is  greatest,  it  i 
>  distance  from  us.     The  positions  in  which  these  distances  lie,  ar 
i  posite.     Between  these  two  positions  the  apparent  size  of  the  mo 
a  regular  and  gradual  change,  increasing  continually  from  its  mi 
maximum,  and  consequently  between  these  positions,  its  distances  i 
the  other  hand  gradually  diminish  from  its  maximum  to  its  minimum, 
lay  down  on  a  chart,  or  plan  a  delineation  of  the  course  or  path  thus  determined,  ) 
we  shall  find  that  it  will  represent  an  oval  which  differs  however  very  little 
from  a  circle  ;  the  place  of  the  earth  being  nearer  to  one  end  of  ihe  oval  than  I 
the  other. 

The  point  of  the  moon's  path  in  the  heavens  at  which  its  magnitude  appears 
the  greatest,  and  when,  therefore  it  is  nearest  the  eaith,  is  called  its  perigee ; 
and  the  point  where  its  apparent  size  is  least,  and  where,  therefore,  its  distance  ( 
from  the  earth  is  greatest,  is  called  its  apogee.     These  two  points  are  called  the  } 
moon's  apsides. 

If  the  positions  of  these  points  in  the  heavens  be  observed  accurately  for  a 
length  of  time,  it  will  be  found  that  they  are  subject  to  a  regular  change  ;  that  \ 
is  to  say,  the  place  where  the  moon  appears  smallest,  will  every  month  shift  i 
its  position ;  and  a  corresponding  change  will  take  place  in  the  point  where  j 
it  appears  largest.     The  movement  of  these  points  in  the  heavens  is  found  t 
be  in  the  same  direction  as  the  general  movement  of  the  planets ;  that  if 
from  west  to  east,  or  progressive.     This  effect  is  called  the  progression  of  the  j 


If  the  position  of  the  moon's  centre  in  the  heavens  be  observed  from  da; 
i  day,  it  will  be  found  that  its  path  is  a  great  circle,  making  an  angle  of  about  J 
4  5°  with   the    ecliptic.     This  path  consequently  crosses  the  ecliptic  at  i 
(  points  in  opposite   quarters  of  the   heavens.     These  points  are   called 
)  moon's  nodes.     Their  positions  are  ascertained  by  observing  from  time  to  t 
(  the  distance  of  the  moon's  centre  from  the  ecliptic,  which  is  called  the  mo( 
>  latitude  ;  by  watching  its  gradual  diminution,  and  finding  the  point  at  which  it  \ 
I  becomes  nothing ;  the  moon's  centre  is  then  in  the  ecliptic  and  its  positioi 
i  the  node.     The  node  at  which  the  moon  passes  from  the  south  to  the  north  of  \ 
t  the  ecliptic  is  called  the  ascending  node,  and  that  at  which  it  passes  from  the  ; 
\  north  to  the  south  is  called  the  descending  node. 

If  the  positions  of  these  nodes  be  observed  from  time  to  time,  it  will  be  J 
f  found  that  they  are  not  fixed ;  but  that  they  change  their  positions  in  the  eclip- 

:,  moving  upon  that  line  in  a  direction  contrary  to  that  of  the  planets,  or  from  f 

St  to  west.     Thb  effect  is  called  the  retrogression  of  the  moon's  nodes. 
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(   Heal  as  a  Branch  of  elemeotiuy  Phjdca  neglected.— Has  as  elrone  Claims  as  Light,  Eleotricit 
Magnetism,— la  a  universal  Agent  in  Natare.- In  Art.— In  SoieHce.— Astronomy.— C 
In  eveiy  Sitoalion  of  Life.— Applications  of  it  in  Clothing  and  artificial  Worming  and  Cooling.— 
Lighting.— Admita  of  easy  Explanation.— Dilatalioc— Esam plea.— Thermomeler.-Meltiog  and  ( 
Boiling  Poinis.—Evaporation.— Specific  Heat.- Heat  produced  by  Ckimpreesion.- Radial 
Condootion.— Incandescence. 
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While  almost  every  other  branch  of  physical  science  has  been  made  ihe 
subject  of  systematic  treatises  without  number,  and  some  have  been,  as  it  were, 
set  apart  from  the  geneml  mass  of  natural  philosophy,  and  raised  to  the  rank 
of  distinct  sciences  by  the  badge  of  some  characteristic  title.  Heat  alone  has 
been  left  to  form  a  chapter  of  chemistry,  or  to  receive  a  passing  notice  in  trea- 
tises on  general  physics.     Light  has  long  enjoyed  the  exclusive  attention  of 
philosophers,  and  has  been  elevated  to  the  dignity  of  a  science,  under  the  name 
of  Optics.     Ehclrieity  and  Magnetism  have  also  been  thought  worthy  subjects 
for  separate  treatises,  yet,  can  any  one  who  has  observed  the  part  played  by 
heat  on  the  theatre  of  nature,  doubt  tliat  its  claims  lo  attention  are  equal  to  those 
)  of  light,  and  superior  to  those  of  electricity  and  magnetism.     It  is  possible  for 
j  organized  matter  to  exist  without  light.     Innumerable  operations  of  nature  pro- 
)  ceed  as  regularly  and  as  effectually  in  its  absence  as  vrhen  it  is  present.     The 
j  want  of  that  sense  which  it  is  designed  to  affect  in  the  animal  economy,  in  no 


j  degree  impairs  the  other  powers  of  the  body, 
(  interfere  in  any  way  with  the  faculties  of  the  rami 
j  object  rather  of  luxury  than  of  positive  necessity, 
j  fore,  not  in  unlimited  abundance,  nor  at  all  times 

t  thrift  and  economy  which  she  is  wo  b 

J  of  our  pleasures,  compared  with  those  wh    h 
j  heat,  on  the  contrary,  she  has  yielded        h     m 
(  Heat  is  everywhere  present.     Every  b  d      h 
j  without  known  limit.     The  most  inert  ad     d 
(  Whatever  we  see,  hear,  smell,  taste,  or  f    1       f  : 
/due  that  endless  variety  of  forms  which  p 

J  face  of  the  globe.     Land, 
(  do,  in  its  absence  ;  all  would  suddi 


such  a  defect 
Light  is,  so  to  speak,  an 
S''ature  supplies  it,  there- 
id  places,  but  rather  with 
dispensing  the  objects 
dry  to  our  being.    But 
b  unded  plenteousness. 
ontains  it  in  quantity 
are  pregnant  with  it. 
f  To  its  influence  is 

and  beautify  the  sur- 
could  not  for  a  single  instant  exist  as  they 
ily  fall  into  one  rude  formless  mass — solid 


j  and  impenetrable.     The  air  of  heaven  hardening  into  a  crust  would  envelope  \ 
\  the  globe,  and  crush  within  an  everlasting  tomb  all  that  it  contains'.     Heat  is  \ 
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J  the  parent  and  the  nurse  of  the  endless  beauties  of  organization.     The  mine- 
al,  the  vegetable,  the  animal  kingdoms,  are  its  offspring.     Every  natural  struc. 
S  ture  IS  either  immediately  produced  by  its  agency,  maintained  by  its  inflnRnnf, 


:ome  again. 
Nor  is  he 


Withdraw  heal,  and  instantly  a'll  life,  motion,  ' 
o  exist,  and  it  may  be  literally  said,  "  Chaos  has  \ 


e  operations  ( 


mm      al  in  the  processes  of  art,  than  i 
oi  nature.     Ail    n      art  effect  on  the  productions  of  natu.^  . 

their  form  o  g  —  o  separate  or  to  combine  them.   Bodies  are  moulded  \ 

to  forms  whi  h    u   w  our  tastes  demand  ;  compounds  are  decomposed, 

and  their  obn  less  elements  expelled,  in  obedience  to  our  wishes. 

In  all  such  processes  heat  is  the  agent.    At  its  bidding  the  most  obdurate  masses  ) 
soften  like  wax,  and  are  fashioned  to  suit  our  most  wayward  caprice 
ments  of  bodies  knit  together  by  the  most  stubborn  affinities— by  forces  which  ! 
might  well  be  deemed  invincible— are  torn  asunder  by  this  omnipotent  solvent, 
and  separately  presented  for  the  use  or  the  pleasure  of  man,  the  great  Master  J 
J  of  Art.  ^ 

If  we  turn  from  art  to  science,  we  find  heat  assisting  or  obstructing, 

Ji  case  may  be,  but  always  modifying  the  objects  of  our  inquiry.     The  c( 

spectator,  who,  on  a  clear  night,  beholds  the  firmament,  thinks  he  obtains  a  just  > 

notion  of  the  position  and  arrangement  of  the  brilliant  objects  with  which  it  is  \ 

30  nchly  furnished.     The  more  exact  vision  of  the  astronomer  discovers,  how-  [ 

ever,  that  he  beholds  this  starry  vault  through  a  distorting  medium ;  that,  in  \ 

fact,  he  views  it  through  a  great  lens  of  air,  by  wldch  every  object  is  removed  f 

from  its  proper  place  ;  nay,  more,  that  this  distortion  varies  from  night  to  night,  J 

and- from  hour  to  hour— varies  with  the  varying  heat  of  the  atmosphere  which  [ 

produces  it.     Such  distortion,  and  the  variations  to  which  it  is  subject,  must  J 

then  be  accurately  sustained,  before  any  inferences  can  be  made  respecting  the  j 

motion,  position,  magnitude,  or  distance  of  any  object  in  the  heavens ;  and  as-  I 

certained  it  cannot  be,  unless  the  laws  that  govern  the  phenomena  of  heat  be  J 

I  known,  ) 

But  the  very  instruments  which  the  same  astronomer  uses  to  assist  his  vis-  ' 

S  ion,  and  to  note  and  measure  the  positions  and  mutual  distances  of  the  object: 

i  of  Ks  inquiry,  are  themselves  eminently  subject  to  the  same  distorting  influence 

i  The  metal  of  which  they  are  formed  swells  and  contracts  with  every  fluctuation  i 

C  jn  the  heat  to  which  it  is  exposed.     A  sunbeam,  a  blast  of  cold  air—nay,  the  \ 

very  heat  of  the  astronomer's  own  body—must  produce  effects  on  the  figure  of   ( 

J  the  brazen  arch  by  whose  divided  surface  his  measurements  and  his  obser 

Such  effects  must  therefore  be  known,  and  taken  into  a , 

(  ere  he  can  hope  to  attain  that  accuracy  which  the  delicacy  of  his  investigations  \ 

I  renders  indispensably  necessary.  ' 

The  chemist,  in  all  his  proceedings,  is  beset  with  the  effects  of  beat,  aiding  \ 

or  impeding  hia  researches.     Now  it  promotes  the  disunion  of  combined  ele- 

(  ments,  now  fusee  into  one  uniform  mass  the  most  heterogeneous  materials. 

J  At  one  time  he  resorts  to  it  as  the  means  of  arousing  dormant  affinities  ;  at  an- 

J  other  he  applies  its  powers  to  dissolve  the  strongest  bonds  of  chemical  atiiac- 

^  Composition  and  decomposition  are  equally  attended  by  its  evolution  and 

)  absorption ;  and  often  to  such  an  extent  as  to  produce  tremendous  explosions 

in  the  one  hand,  or  cold,  exceeding  the  rigors  of  the  most  severe  polar  winter, 

in  the  other. 

But  why  repair  to  the  observatory  of  the  astronomer  or  to  the  laboratory  of  ) 
he  chemist,  for  examples  of  a  principle  which  is  in  never-ceasing  operation  \ 
iTound  us !  Sleeping  or  waking,  at  home  or  abroad,  by  night  or  by  day,  at  i 
est  or  in  motion,  in  the  country  or  in  the  town,  traversing  the  burning  limits  of  j 
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<  the  tropics,  or  exploring  the  rigors  of  the  poles,  we  are  ever  under  its  influen 
'iVe  ure  at  once  its  slaves  and  its  masters. 

We  are  its  slaves  : — Without  it  we  cannot  for  a  moment  live.  Without  its  J 
\  well-regulated  quantity  we  cannot  for  a  moment  enjoy  life.  It  rules  our  plea 
}  ures  and  our  pains  ;  it  lays  us  on  the  sick  bed,  and  raises  us  from  it.  It  is  o 
i  disease  and  our  physician.  In  the  ardor  of  summer  we  languish  under  its  e 
1,  and  in  the  rigor  of  winter  we  shiver  under  its  defect.  Does  it  accum 
\  late  around  us  in  undue  quantity,  we  bum  with  fever;  does  it  depart  from  ? 

s  with  unwonted  rapidity,  we  shake  with  ague ;  or  writhe  under  the  pains  i  " 
\  rheumatism,  and  the  tribe  of  maladies  which  it  leaves  behind  when  it  quits  u 
fe  are  its  masters  : — We  subdue  it  to  our  will  and  dispose  it  to  our  pu 
;s.     Amid  arctic  snows  we  confine  it  around  our  persons,  and  prevent  i 
5  escape  by  a  clothing"  impervious  to  it.     Under  a  tropical  sua  we  exclude  il  by  S 
S  hke  means.     We  extort  it  from  water  to  obtain  the  luxury  of  Lee  in  hot  seasons,  i 
f  and  we  force  it  into  water  to  warm  our  aparlmentsf  in  cold  ones.     Do  we  trav-  [ 
\  erse  the  seas — it  lends  wings  to  the  ship,  and  bids  defiance  to  the  natural  op-  . 
5  poiients,  the  ^  mds  and  the  tides.     Do  we  traverse  the  land — it  is  harnessed  to  i 
j  the  chariot,  and  we  outstrip  the  flight  of  the  swiftest  bird,  and  equal  the  fury  J 
!  of  the  tempest  J 

If  we  sleep,  our  chamber  and  our  couch  are  furnished  with  contrivances 

s  due  regulation      If  we  eat,  our  food  owes  its  savor  and  its  nutrition  to  heat.  ' 

J  From  this  the  truit  recenes  its  ripeness,  and  by  this  the  viands  of  the  table  I 

ire  fitted  for  our  use.     The  grateful  infusion  which  forms  our  morning  repast  J 

night  remain  for  ever  hidden  in  the  leaf  ||  of  the  tree,  the  berry^  of  the  plant,  oi 

he  kernelTF  of  the  nut,  if  heat  did  not  lend  its  power  to  extract  them.     The  J 

\  beverage  that  warms  and  cheers  us,  when  relaxed  by  labor  or  overcome  by  fa-  i 

S  tigue,  is  distilled,  brewed,  or  fermented,  by  the  agency  of  heat.     The  produo-  ' 

\  tions  of  nature  give  up  their  sanative  principles  to  this  all-powerful  agent ;  and  ( 

j  hence  the  decoction  or  the  pill  is  produced  to  restore  health  to  the  sinking  ( 

j  patient. 

When  the  sun  hides  his  face  and  the  heavens  are  veiled  in  darkness,  whencf 

lo  we  obtain  light?     Heat  confers  light  upon  air,  and  the  taper  bums  and  th( 

j  lamp  blazes,""  producing  artificial  day  ■  guiding  us  in  the  pursuits  of  business  oi 


<  of  pleasure,  and  thus  adding  to 
j  and  useful  which  must  otherwis    n 

These,  and  a  thousand  other  m 

!  agent  is  that  to  the  explication  of  h 
e  devoted.  But  it  is  n  1 
i  ject,  nor  its  connexion  with  every  n 
e  inquiry,  which  h       nd 

>  advantages  which  merit  peculia  d 

The  phenomena  all  admit  of  b      g 

<  reasoning,  technical  language,  o         £ 

)       *  Clothing,  in  general,  is  composed  of  ..  - .:--   

>  the  hesl  produced  by  the  body  from  ese     in  its  lemperatare;  and  in  hot  weather 
J  cicladea  ihe  heat  tram  the  body,  ao  as  I                             w    mih. 
/  t  Balldings  are  warmed  by  bot  water  carried  through  the  apartments  in  pipes. 

t  The  Bwifteat  flight  ot  a.  carrier  pigeon  does  not  exceed  the  rate  of  twenty-six  miles  i 
caloalaledthallhevelocinFof  abiBbwind  is  at  the  rate  of  abOat  thirty  to  thirty-five  i 

sixand  thirty  miles  an  hour;  and  it  is  Btatad,  in  the  evidence  before  a  committee  of  the  Honse  of  { 
CommoriB,  that  steam-carriages  have  tun  on  common  roads  at  a  speed  exceeding  forty  mile; 
j  The  tea-tree. 


by  rendering  hours  plea 
in  torpor  or  in  sleep, 
prove  how  important  a  physical  ( 
the  pages  of  the  present  dis- 
rinsic  importance  of  the  sob- 
rance  that  can  attract  observa- 
examine  it.     It  presents  other  i 
with  a  view  to  popular  instruc- 


pl        d  without  the  aid  of  abstruse  ) 
I         1   ymbols.     The  subject  abounds  j 

tances,  which  in  cold  weather  j 


ia  gas.  or  air,  rendered  so  hot  as 
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in  examples  of  the  most  felicitous  processes  of  induction,  from  which  the  t ... 
eral  reader  may  obtain  a  view  of  that  beautiful  logic,  the  light  of  which  Bacon  \ 
first  let  in  on  the  obscurity  in  which  he  found  phjfsics  involved.  And,  finally,  ) 
the  whole  range  of  our  domestic  experience  presents  a  series  of  familiar  and  \ 
pointed  illustrations  of  the  principles  to  which  it  leads. 

The  first  and  most  common  effect  of  heat  is  to  increase  the  size  of  the  body  I 
to  which  it  is  imparted.     This  effect  is  called  dilatation,  or  expansion;  and  the 
body  so  affected  is  said  to  expand,  or  be  dilated.     If  heat  be  abstracted  from  a 
body,  the  contrary  effect  is  produced,  and  the  body  contracts.     These  effects  J 
are  produced  in  different  degrees,  and  estimated  by  different  methods,  according  ( 
as  the  bodies  which  suffer  them  are  solids,  liquids,  or  airs. 

The  dilatation  of  solids  is  very  minute,  even  by  considerable  additions  of  heat ; 
that  of  liquids  is  greater,  but  that  of  air  is  greatest  of  all. 

The  force  with  which  a  solid  dilates  is  equal  to  that  with  which  it  would  } 
resist  compression  ;  and  the  force  with  which  it  contracts  is  equal  to  that  with  7 
which  it  would  resist  extension.  Such  forces  are,  therefore,  proportional  to  < 
the  strength  of  the  solid,  estimated  with  reference  to  the  power  with  which  J 
they  would  resist  compression  or  extension. 

The  force  with  which  liquids  dilate  is  equivalent  to  that  with  which  they  { 
would  resist  compression  ;  as  liquids  are  neariy  incompresdible,  this  force  is 
very  considerable. 

As  air  is  capable  of  being  compressed  with  facility,  its  dilatation  by  heat  is 
easily  resisted.     If  such  dilatation  be  opposed  by  confining  air  within  fixed  j 
bounds,  then  the  effect  of  heat,  instead  of  enlarging  its  dimensions,  will  be  to  { 
increase  its  pressure  on  the  surface  by  which  it  is  confined. 

The  works  of  clocks  and  watches  swell  and  contract  with  the  vicissitudes  \ 
of  heat  and  cold  to  which  they  are  exposed.  When  the  pendulum  of  a  clock  \ 
or  balance-wheel  of  a  watch  is  thus  enlarged  by  heat,  it  swings  more  slowly,  i 
and  the  rate  is  diminished.  On  the  other  hand,  when  it  contracts  by  cold,  its  J 
vibration  is  accelerated,  and  the  rate  is  increased.  Varions  contrivances  have  \ 
been  resorted  to  to  counteract  these  effects.  When  boiling  water  is  poured  J 
into  a  thick  glass,  the  unequal  expansion  of  the  glass  will  tear  one  part  from  < 
another,  and  produce  fracture.  The  same  vessel  contains  a  greater  quantity  o' 
cold  than  of  hot  water. 

If  a  kettle,  completely  filled  with  cold  water,  be  placed  on  a  fire,  the  water, 

when  it  begins  to  get  warm,  will  swell,  and  spontaneously  flow  from  the  spout  \ 

of  the  kettle  until  it  ceases  to  expand.  \ 

bottle  well  corked  be  placed  before  the  fire,  especially  if  it  contain  fer-  j 

mented  liquor  in  which  air  is  fixed,  the  air  confined  in  it  will  acquire  increased  f 

by  the  heat  imparled  to  it,  and  its  effort  to  expand  will  at  length  be 
great  that  the  cork  will  shoot  from  the  bottle,  or  the  bottle  itself  will  burst. 

Thus  we  perceive  that  the  magnitude  of  a  body  depends  on  the  quantity  of  } 
heat  which  has  been  imparted  to  it,  or  abstracted  from  it ;  and  as  it  must  be  in 

state  of  continual  variation,  with  respect  to  the  heat  which  it  contains,  it  fol- 
lows that  it  must  be  in  a  state  of  continual  variation  with  respect  to  its  magni- 
We  can,  therefore,  never  pronounce  on  the  magnitude  of  any  body  with  X 
ess,  unless  we  are  at  the  same  time  informed  of  its  situation  with  respect  j 
Every  hour  the  bodies  around  us  are  swelling  and  contracting,  and  J 
for  one  moment  retain  the  same  dimensions ;  neither  are  these  effects  j 

ifined  to  their  exterior  dimensions,  but  extend  to  their  most  intimate  com-  j 
ponent  panicles.     These  are  in  a  constant  state  of  motion,  alternately  ap- 
proaching to  and  recedi^ng  from  one  another,  and  changing  their  relative  posi- 
""        the  particles  of  matter,  sluggish  and  inert  as  they  } 
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Since  the  magnitude  of  any  body  changes  with  the  heat  to  which  it  is  ex- 
J  posed,  and  since,  when  subject  to  the  same  calorific  influence,  ii  always  has 
He  magnitude,  these  dilatations  and  contractions,  which  are  the  constant 
J  effects  of  heat,  may  be  taken*as  the  measure  of  the  physical  cause  which  pro- 
5  duced  them.     The  changes  in  magnitude  which  a  body  suffers  by  changes  in 
e  heat  10  which  it  is  exposed,  are  called  changes  of  temperature ;  and  the  ac- 
5  luai  stale  of  a  body  at  any  moment,  determined  by  a  comparison  of  its  magni- 
tude with  the  heat  to  which  ii  is  exposed,  is  called  its  temperature.     At  the 
J  same  temperature  the  same  body  always  has  the  same  magnitude ;  and  when  iis 
lagnitude  increases,  by  being  exposed  to  heat,  its  temperature  is  said  to  rise ; 
ud,  on  tho  contrary,  when  its  magnitude  is  diminished,  its  temperature  is  said 
3  fall.     The  variation  of  magnitude  of  any  body  is  therefore  taken  as  a  meas- 
re  of  temperature  ;  but  as  it  would  be  inconvenient,  in  practice,  to  adopt  dif- 
}  ferent  measures  of  temperature,  one  body  is  selected  by  the  dilatation  and  con- 
i  traction  of  which  those  of  all  other  bodies  are  measured,  and  with  this  body  a 
I  thermometeT,  or  measure  of  temperature,  is  formed. 

The  substance  most  commonly  used  for  this  purpose  is  a  liquid  metal  called 
I  mercury  or  quicksilver.  Let  a  glass  tube  of  very  small  bore,  and  terminating  in 
S  a  spherical  bulb,  be  provided,  and  let  the  bulb  and  a  part  of  the  lube  be  filled 
)  with  mercury.  If"  the  bulb  be  exposed  to  any  source  of  heat,  the  liquid  metal 
i  contained  in  it  will  expand,  and,  the  buib  being  no  longer  sufficiently  capacious 
{  for  it,  the  column  in  the  tube  will  be  pressed  upward  to  afford  room  for  the  in- 
sed  volume  of  the  mercury.  On  the  other  hand,  if  the  bulb  be  exposed  to 
(  cold  the  mercury  wiE  contract,  and  the  column  in  the  tube  v/ill  fall. 

e  lake  another  similar  instrument,  having  a  bulb  of  the  same  magnitude 
mailer  lube,  the  same  change  of  temperature  will  cause  the  mercury  in 
j  the  tube  to  rise  through  a  certain  space,  and  this  space  will  be  greater  than  in 
I  the  former,  in  the  same  proportion  as  the  bore  of  the  tube  is  smaller,  because 
case  the  actual  dilatation  of  the  mercury  in  both  tubes  is  the  same ;  but  this 
on  will  fill  a  more  extensive  space  in  the  smaller  lube.  When  the  bulb, 
>  therefore,  has  the  same  magnitude,  the  thermometer  will  be  more  sensible  the 
(  smaller  the  tube ;  or,  in  general,  the  less  tlie  magnitude  of  the  tube,  com- 
red  with  that  of  the  bulb,  the  greater  will  be  the  sensibility  of  the  inslru- 

evident,  therefore,  that  the  same  change  of  temperature  would  produce 
j  very  different  effects  on  these  two  instruments,  and  the  indications  of  ihe  one 
i  could  not  be  compared  with  those  of  the  other.  To  render  them  comparable, 
(  it  will  be  necessary  to  determine  the  effects  which  the  same  temperature  will 
)  produce  on  both.  Let  the  two  instruments  be  immersed  in  pure  snow  in  a 
(  melting  state.  The  mercury  will  bo  observed  to  stop  in  each  at  a  certain 
)  height ;  let  these  heights  be  marked  on  the  scales  attached  to  the  tubes  re- 
(  spectively.  Now  it  will  happen  that  at  whatever  time  or  place  the  instruments 
)  may  be  immersed  in  melting  snow,  the  mercury  will  always  fix  itself  at  the 

<  points  here  marked.  This,  therefore,  constitutes  one  of  the  fixed  points  of  the 
)  thermometer,  and  is  called  ihe  freesing  point.    Let  the  two  instruments  be  now 

<  immersed  in  pure  water  in  a  boiling  state,  the  height  of  the  barometer  being 
)  thirty  inches  at  the  time  of  the  experiment.  The  mercury  will  rise  in  each  lo 
J  a  certain  point.  Let  this  point  be  marked  on  the  scale  of  each.  It  will  be 
\  found  that  at  whatever  time  or  place  the  instruments  are  immersed  in  pure 

■,  when  boiling,  provided  the  barometer  sland  at  the  same  height  of  thirty 
j  inches,  the  mercury  will  rise  in  each  lo  the  point  thus  marked.  This,  there- 
(  fore,  forms  another  fixed  point  on  tho  ihermoraetric  scale,  and  is  called  the 
)  boiling  point. 

The  distance  between  these  two  poinls  on  ihe  two  thermometers  in  ques- 
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J  tion,  will  be  observed  to  be  different.     In  the  thermometer  which  has  u  ti 
^ith  a  smaller  bore  in  proportion  to  its  bulb,  the  distance  will  be  greater  than  J 
a  the  other,  because  the  same  volume  of  metcury  which  forma  the  dilatation  i 
i  of  that  liquid  from  thefteezing  to  the  boiling  poiilt  fills  a  greater  length  of  the 
S  smaller  than  of  the  large  tube.     It  is  plain,  dierefore,  that  since  this  given  dif- 
J  ference  of  temperature  causes  the  column  of  mercury  to  rise  through  a  greater 
)  apace  in  the  one  than  in  the  other,  the  one  instrument  is  properly  said  to  pos-  > 
less  a  greater  sensibility  than  the  other.  } 

Let  the  intervals  on  the  scale  between  the  freezing  and  boiling  points  be  ? 
low  divided  into  180  equal  parts  ;  and  let  this  division  be  similarly  continued  J 
i  below  the  freezing  point  to  the  place  0  ;  and  let  each  division  upward  from  that  > 
(  be  marked  with  the  successive  numbers,  1,  3,  3,  &c.  The  freezing  point  will  J 
)  now  be  the  32d  division,  and  the  boiling  point  will  be  the  212th  division. 
(  These  divisions  are  called  degrees,  and  the  freezing  point  is,  therefore,  32°, 
)  and  the  boihng  lempetature  213°. 

'  is  evident,  that  although  the  degrees  on  these  two  instruments  are  differ-  J 
in  magnitude,  still  the  same  temperature  is  marked  by  the  same  degree 
J  each,  and  therefore  their  indications  will  correspond. 
S  The  mMiner  of  dividing  and  numbering  the  scale  here  described,  is  that  5 
J  which  is  commonly  adopted  in  England,  and  is  called  Fahrenheit's  scale.  ' 
)  Other  methods  have  been  adopted  in  France  and  elsewhere,  which  will  hereaf-  i 
S  ter  be  described. 

et  a  mass  of  snow  at  the  temperature  of  0°,  having  a  thermometer  i 
J  mersed  in  it,  be  exposed  to  an  atmosphere  of  the  temperature  of  80°.     As  the  i 
now  gradually  receives  heat  from  the  surrounding  air,  the  thermometer  im- 
lersed  in  it  wil!  be  observed  to  rise  until  it  attain  the  temperature  of  32°.  ' 
(  The  snow  will  then  immediately  begin  to  be  converted  into  water,  and  the  \ 
i  thermometer  will  become  stationary.     During  the  process  of  liquefaction,  and  J 
!  while  the  snow  constantly  receives  heat  from  the  surrounding  air,  the  iher- 
J  mometer  wil!  still  be  fixed,  nor  will  it  begin  to  rise  until  the  process  of  lique- 
<  faction  is  completed.     Then,  however,  the  thermometer  will  again  begin  to 
i  rise,  and  will  continue  to  rise  until  it  attain  the  same  temperature  as  the  sur- 
!  rounding  air. 

)       Heat,  therefore,  when  supplied  to  the  snow  in  a  sufficient  quan    y  has  he  J 
(  effect  of  causing  it  to  pass  from  the  solid  to  the  liquid  stale,  and  wh       so 
J  ployed,  becomes  incapable  of  affecting  the  thermometer.     The  hea    h 
i  sumed  or  absorbed  in  the  process  of  liquefaction,  is  said  to  beco  ne  I 
)  meaning  of  which  is,  that  it  is  in  a  state  incapable  of  affecting    le    1 


The  property  here  described,  with  respect  to  snow  is  common    o  all  sol  i 

I  Every  body  in  the  solid  state,  if  heat  be  imparted  to  it,  will  at  length  attain  a 

)  temperature  atwhichitwillpass  into  the  liquid  state.    This  temperature  is  called  J 

(  i\a  point  of  fusion,  its  melting  point  ot  lis  fusing  point ;  and  in  passing  into  the  < 

\  liquid  state,  the  thermometer  will  be  maintained  at  the  fixed  temperature  of  J 

J  fusion,  and  will  not  be  affected  by  that  heat  which  the  body  receives  while  u 

\  dergoing  the  transition  from. the  solid  lo  the  liquid  state. 
{       If  water,  at  the  temperature  of  60°,  be  placed  in  a  vessel  on  a  fire  having 

)  thermometer  immersed  in  it,  the  thermometer  will  be  observed  gradually  to  ) 

(  rise,  and  the  wal«r  will  become  hotter,  until  the  thermometer  arrive 

)  temperature  of  212°. 
(       Other  liquids  are  found  to  undergo  a  like  effect.     If  exposed  to  heat,  their  ( 

/  temperatures  wil!  constantly  rise,  until  they  attain  a  certain  limit,  wlii( 

J  ferent  in  different  liquid ;  but  having  attained  this  limit  they  will  eut 

j  stale  of  ebullition,  and  no  addition  of  heat  can  impart  to  them  a  higher  lemper- 
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5  solid  state.    This  point  is 

o  the  liquid  state.     Thus  wa 
5  ward,  will  fall  in  lis  temperatur 
t  passes  into  the  solid  s 


The  temperature  at  which  different  liquids  thus  boil  is  caUed  their  > 

J   boiling  point.  I 

The  melting  or  freezing  point  and  the  boiling  point  constitute  important  J 

i  physical  characters,  by  which  different  substances  are  distinguished  from  each  } 

When  heat  continues  to  be  supplied  to  a  liquid  which  is  in  the  state  of  ebul- 
ition  the  liquid  is  gradually  converted  into  vapdr  or  steam,  which  is  a  form  of  } 
\  body  possessing  the  same  physical  characters  as  atmospheric  air.     The  sti 
r  vapor  thus  produced  has  the  same  temperature  as  the  water  from  which  it  J 
'as  raised,  notwithstanding  the  great  quantity  of  heat  imparted  to  the  wate 
s  transition  from  the  one  state  [o  the  other.    This  quantity  of  heat  is  therefore  } 
S  lalenl. 

The  abstraction  of  heat  produces  a  series  of  effects  contrary  to  those  just  > 
5  described.  If  heat  be  withdrawn  from  a  liquid,  its  temperature  will  first  be  ( 
{  gradually  lowered  until  it  attain  a  certain  point,  at  which  it  will  pass  into 

'" lO  as  that  at  which,  being  solid,  it  would  pass  J 

r,  gradually  cooled  from  sixty  degrees  down- 
inlil  it  attains  the  limit  of  thirty-two  degrees ; 
e  and  forms  ice  ;  and  during  this  transition  a  ! 
i  large  quantity  of  heat  is  dismissed,  while  the  temperature  is  maintained  at 
'<  thirty-two  degrees. 

5       In  like  manner,  if  heat  be  withdrawn  from  steam  or  vapor,  it  no  longer  re- 
l  mains  in  the  aeriform  state,  but  resumes  the  liquid  form.     In  this  case  it  un- 
1  de^oes  a  very  great  diminution  of  bulk,  a  large  volume  of  steam  forming  only  { 
(  a  few  drops  of  liquid.     Hence  the  process  by  which  vapor  passes  from  the  ) 
)   aeriform  to  the  liquid  state  has  been  called  condensation.  t 

I  When  a  liquid  boils  vapor  is  generated  in  every  part  of  its  dimensions,  and  } 
S  more  abundantly  in  those  parts  which  are  nearest  the  source  of  heat ;  but  li- 
5  quids  generate  vapor  from  their  surfaces  at  all  temperatures.  Thus,  a  vessel  [ 
j  of  water  at  the  temperature  of  eighty  degrees  will  dismiss  from  its  surface  a 
(  quantity  of  vapor,  and  if  its  temperature  be  retained  at  eighty  degrees,  it  will  i 
)  continue  to  dismiss  vapor  from  its  surface  at  the  same  rate,  until  all  the  water  j 
!  in  the  vessel  has  disappeared.  This  process,  by  which  vapor  is, produced  at  , 
>  the  surface  of  Jiquids  at  temperatures  below  their  boiling  point,  is  called  vapor-  ' 
J  isaiion. 

I       The  process  of  vaporization  is  generally  going  on  at  the  surface  of  all  collec-  ■ 

(  tions  of  water,  great  or  small,  on  every  part  of  the  globe  ;  but  it  is  in  still  more  | 

)  powerful  operation  when  liquid  juices  are  distributed  through  the  pores,  fibres,  ' 

(  and  interstices  of  animal  and  vegetable  structures.    In.all  these  cases,  the  rate  \ 

1  at  which  the  liquid  is  converted  into  vapor  is' greatly  modified  by  the  pres-  ' 

(  sure  of  the  atmosphere.     The  pressure  of  that  fluid  retards  vaporization,  if  its  S 

effects  be   compared  with  (hat  which  would  take  place  in  a  vacuum ; 

on  the  other  hand,  the  current  of  air,  continually  carrying  away  the  vapor, 

fast  as  it  is  formed,  in  the  space  above  the  surface  g      s  oom  fo    1  e  formation  j 

(  of  fresh  vapor,  and  accelerates  the  transition  of  the  1  q    ds  to  h     aporous  state. 

'  The  process  of  vaporization,  thus  modified  by  the  a  n    pi     e  a  d  ts  currents, 

!  so  far  as  it  affects  the  collections  of  water  and  liqu  d     ene  ally  n    arious  parts  j 

I  of  the  earth,  is  denominated  evaporation. 

The  condensation  of  the  vapor,  thus  drawn  up  and  su  p     d  d  n  the  atr 
sphere  by  various  causes,  lending  to  extricate  the  la    n  1  ea  wh  ch  gives  ti 
j  the  form  of  air,  produces  all  the  phenomena  of  de\      a  n  ha  1     no  v,  &c.,  i 
I  A  slight  degree  of  cold  converts  the  vapor  suspend  d  n  h    atp  o  phere  into  a  ( 

J  liquid,  and  by  the  natural  cohesion  of  its  molecule  1  pherule, 

j  drops,  and  falls  in  the  form  of  rain.     A  greater  de^,         f     Id      id  fies  ore 
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j  geals  its  minute  particles,  and  they  descend  to  the  earth  in  flakes  of  snow.  If, 
(  however,  ihey  are  first  formed  into  liquid  spherules,  and  tlien  solidified,  hail  is 
iroduced. 
Thus  there  is  a  constant  interchange  of  matter  between  the  earth  and  its  at- 
J  mosphere— the  atmosphere  continually  drawing  up  water  in  the  form  of  vapor, 
:,  when  (he  heat  which  accomplishes  this  is  diminished,  precipitating  it  in 
{  the  form  of  dew,  rain,  snow,  or  hail. 

Difi^erent  bodies  are  diff'erently  susceptible  of  the  efl'ects  of  heat.  To  pro- 
j  duce  a  given  change  of  temperature  in  some  requires  a  greater  supply  of  heat 
\  than  in  others.  Thus,  to  raise  water  from  the  temperature  of  50°  lo  the  tem- 
j  perature  of  60°  will  require  a  fire  of  given  intensity  to  act  upon  it  about  thirty 
s  as  long  as  to  raise  the  same  weight  of  mercurj  through  the  same  range 
i  of  temperature.  In  the  same  manner  if  various  other  bodies  be  submitted  to 
a  like  experiment,  it  will  be  found  that  to  produce  the  same  change  of  temper 
J  ature  on  the  same  weights  of  each  will  require  the  action  of  the  same  hre  lor  a 
\  different  length  of  time. 

The  quantities  of  heat  necessary  to  produce  the  same  change  of  temperature 

n  equal  weights  of  difietent  bodies  are  therefore  called  the  speaft  /leals  of 

hese  bodies.    If  1,000  express  the  specific  heat  of  pure  water  or  the  quantity 

)  of  heat  necessary  to  raise  a  given  weight  of  pure  water  through  1°    ihen  33 

vill  express  the  specific  heat  of  mercury  or  the  quantifj  ol  heat  necessary  to 

aise  the  same  weight  of  mercury  through  1°;  70  will  express  the  sfiecihc 

<  heat  of  tin,  80  of  silver,  liO  of  iron,  and  so  on.     The  specific  heat  furnishes 

\  another  physical  character  by  which  bodies,  whether  simple  or  compound,»f 

J  difi"erent  kinds  may  be  distinguished. 

The  specific  heat  of  the  same  body  is  changeable  with  its  density.  In  geo- 
jral,  as  the  density  is  increased,  the  specific  heat  is  diminished.  Now,  if  the 
\  specific  heat  of  a  body  be  diminished,  since  a  less  quantity  of  heat  will  then 
aise  it  through  1°  of  temperature,  the  quantity  of  heat  which  it  actually  con- 
ains  will  make  it  hotter  when  it  is  rendered  more  dense,  and  colder  when  it 
s  rendered  more  rare. 

Hence  we  find  that,  when  certain  metals  are  hammered,  so  as  to  increase 
heir  density,  they  become  hotter,  and  sometimes  become  red  hot. 

If  air  be  squeezed  into  a  small  compass,  it  becomes  so  hot  as  to  ignite  tin- 
ier ;  and  the  discharge  of  an  air-gun  is  said  to  be  accompanied  by  a  flash  of 
J  light  in  the  dark. 

On  the  other  hand,  if  air  expand  into  an  enlarged  space,  it  becomes  colder. 
[  Hence,  in  the  upper  regions  of  the  atmosphere,  where  the  air  is  not  compressed, 
!  its  temperature  is  much  reduced,  and  the  cold  becomes  so  great  as  to  cause,  on 
{  high  mountains,  perpetual  snow. 

The  specific  heats  of  compounds  frequently  difier  much  from  those  of  the 

jomponents.     If  the  specific  heat  of  bodies  be  greatly  diminished  by  iheir  com- 

f  bination,  then  the  quantity  of  heat  which  they  contain  will  render  the  compound 

\  much  hotter  than  the  components  before  the  combination  took  place.    If,  on  the 

J  other  hand,  the  specific  heat  of  the  compound  be  greater  than  that  of  the  com- 

\  ponents,  then  the  compound  will  be  colder,  because  the  heat  which  it  contains 

vill  be  insufficient  to  sustain  the  same  temperature. 

Hence  we  invariably  find  that  chemical  combination  produces  a  change  of 

J  temperature.     In  some  cases  cold  is  produced,  but  in  most  cases  a  considera- 

Me  increase  of  temperature  is  the  result. 

Heat  is  propagated  through  space  in  two  ways :  First  by  radiation,  which 
{  is  apparently  ini^pendent  of  the  presence  of  matter,  and,  secondly,  by  conduc- 
'     ,  a  word  which  expresses  the  passage  of  heat  from  particle  to  particle  of  a 
IS  of  matter. 
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The  principal  properties  of  heat  are  so  nearly  identical  with  those  of  light, 
that  the  supposition  that  heat  is  obsciire  light  is  countenanced  by  strong  proba- 
bilities. Heat  proceeds  in  straight  lines  from  the  point  whence  it  emanates, 
diverging  in  every  direction.  These  lines  are  called  rays  of  heat,  and  the 
process  is  called  radiation.  Heat  radiates  through  certain  bodies  which  are 
transparent  to  it,  as  glass  is  to  light.  It  passes  freely  through  air  or  gas  ;  it 
also  passes  through  a  vacuum,  and  therefore  its  propagation  by  radiation  does 
not  depead  on  the  presence  of  matter.  Indeed,  the  great  velocity  with  which 
it  is  propagated  by  radiation  proves  that  it  does  not  proceed  by  transmission 
from  particle  to  particle. 

The  rays  of  heat  are  reflected  and  refracted  according  lo  the  same  laws  as 
those  of  light.  They  are  collected  in  foci  by  concave  mirrors  and  convex 
lenses.  These  undergo  polarization,  both  by  reflection  and  refraction,  in  the 
same  manner  as  rays  of  light,  They  are  subject  to  ail  the  complicated  phe- 
nomena of  double  refraction  by  certain  crystals,  in  the  same  manner  exactly  as 
rays  of  light. 

Certain  bodies  possess  imperfect  transparency  to  heat :  such  bodies  transmit 
a  portion  of  the  heat  which  impinges  on  them,  and  absorb  the  remainder,  the 
portions  which  they  absorb  raising  their  temperature. 

Surfaces  also  possess  the  power  of  reflecting  heat  in  difierent  degrees.  They 
reflect  s  greater  or  less  portion  of  the  heat  incident  on  them,  absorbing  the  re- 
mainder. The  power  of  transmission,  absorption,  and  reflection,  vary  accord- 
ing to  the  nature  of  the  body  and  state  of  its  surface,  with  respect  to  smoodi- 
nesg,  roughness,  and  color. 

Rays  of  heat,  like  those  of  light,  are  differently  refrangible,  and  the  average 
refrangibility  of  calorific  rays  is  less  than  that  of  luminous  rays. 

When  a  body  at  a  high  temperature,  as  the  flame  of  a  lamp  or  fire,  is  placed 
in  contact  with  the  surface  of  a  solid,  the  particles  immediately  in  contact  with 
the  source  of  heat  receive  an  elevated  temperature.  These  communicate  heat 
to  the  contiguous  particles,  and  these  again  to  particles  more  remote.  Thus 
the  increased  temperature  is  gradually  transmitted  through  the  dimensions  of 
the  body,  until  the  whole  mass  in  contact  with  the  source  of  heat  has  attained 
the  temperature  of  the  body  in  contact  with  it. 

Different  substances  exhibit  different  degrees  of  facility  in  transmitting  heat 
through  their  dimensions  in  this  manner.  In  some  the  temperature  spreads 
with  rapidity,  and  an  equihbrium  is  soon  established  between  the  body  receiv- 
ing heat  and  the  body  imparting  it.  Such  substances  are  said  to  be  good  con-, 
duclors  of  heat.  Metals  in  general  are  instances  of  this ;  earths  and  woods  are 
bad  conductors  ;  and  soft,  porous,  or  spongy  substances  still  worse. 

When  the  temperature  of  a  body  has  been  raised  to  a  certain  extent  by  the 
application  of  any  source  of  heat,  it  is  observed  to  become  luminous,  so  as  to 
be  visible  in  the  absence  of  other  light,  and  to  render  objects  around  it  visible. 
Thus,  a  piece  of  iron,  by  the  application  of  heat,  will  at  first  emit  a  dull,  red 
light,  and  will  become  more  luminous  as  the  temperature  is  raised,  until  the 
red  light  is  converted  to  a  clear,  white  one,  and  the  iron  is  said  lo  be  while  hot. 
This  process,  by  which  a  body  becomes  luminous  by  the  increase  of  its  tem- 
perature, is  called  incandescence.  There  is  reason  to  believe  that  all  solid 
bodies  begin  to  be  luminous  when  heated  at  the  same  temperature. 

The  degree  of  heat  of  incandescent  bodies  is  distinguished  by  their  color ; 
the  lowest  incaudescent  heat  is  a  red  heat,  next  the  orange  heat,  t!ie  yetloui 
heat,  and  the  greatest  a  while  heat. 

The  heating  powers  of  rays  of  light  vary  with  their  color,  in  general  those 
of  the  lightest  color  having  the  most  heating  power.  Thus  yellow  light  has  a 
greater  calorific  power  then  green,  and  green  than  blue. 
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Hence  tlie  absorption  of  heat  from  the  same  light  depends  on  the  color  «f  | 
the  absorbing  bodies.  Those  of  a  dark  color  absorb  more  heat  than  those  of  a  '. 
light  color,  because  ihe  former  reflect  the  least  calorific  rays,  while  the  latter 
reflect  the  most. 

There  are  several  substances  which,  when  heated  to  a  certain  temperature, 
acquire  a  strong  afiinitj'  for  oxygen  gas  ;  and  when  the  elevation  of  tempera- 
ture takes  place  in  an  atmosphere  of  oxygen,  or  in  ordinary  atmospheric  air, 
the  oxygen  rapidiy  combines  with  the  heated  body,  and  in  the  combination  so 
great  a  quantity  of  heat  is  evolved  that  Hght  and  flame  are  produced.  This 
process  is  called  combaslion.  Combustion  is,  therefore,  a  sudden  chemical  com- 
bination of  some  substance  with  oxygen,  attended  by  the  evolution  of  heat  and 
light. 

The  flame  of  a  candle  or  1  rap  1         Th        b  h 

wick,  having  its  temperatur  d         h    fi  by  h      ppl  f 

heat,  forms  a  rapid  combina  11         yg        I    h  ph  d    1 

combination  is  attended  with  h  1  f  h  h    h       la        1     p 

of  combustion. 

Flame  is,  therefore,  gas  d      d        h  b     1 

There  are  a  few  other  subs  b     d         yg      by      rab  w  h  wh   h 

light  and  heat  iflay  be  evolv  d       d  whi  h       y  h      f       p    d  mb 

These,  are  the  substances      11  d  1  ry    //  d  d  S 

bu(,  as  ihey  are  not  of  comn  h    ph  f      mb 

tending  them  may  be  regard  d      1  bj         f  fi       q  h        f 

practical  occurrence.     AH      d       y  f         b  pi       f  1 

combination  of  oxygen  with  b       bl 

I  have  thus,  in  a  succinct       d     1  1    d  b  h     p        p  I 

phenomena,  and  explained    h  <!>  hhllUh 

sion  to  use  in  the  discourse    I  d      d  1  h       hj         f  h  Th 

explanations  will,  I  trust,  glyfl  hmph  fhl  d 

the  narrative  of  the  discove        wh    h  I    h  11      f  Id      y 
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THE  ATLAITIC  STEAM  QUESTION. 


The  Project  proposed  in  1835.— Previous  Condition  of  Steam  Navigalion  in  Europe.— Praeiicability  > 
of  the  Atlantic  Voyage  not  denied  or  doubted.— Report  of  tho  Meeting  of  the  Brilish  Asaocii 
at  Bristol— Extract  from  the  London  Times— Ocean  Voyagea  fur  Steamers  and  Bailmg  Vessels  j 
compai-cd,— Effect  of  the  Westerly  Winds  in  the  Atlantic— The  British  Post  Office  Contract  neces- 
sary for  the  commercial  Success  of  the  ProjecL— Reriew  of  the  Proceedings  since  1837,— Conatd 
Luie  of  Sleamera.- The  Support  received  hy  them  from  the  British  Post  Office.— Total  I'ailnre 
of  the  Project  lo  establish  New  York  and  Liverpool  Steam. Lmeta.— Essay  on  the  Uuestion.  "  Has 
Atlantic  Steam  Navigation  been   SnccessfuH"  Poijlished  in  the  London  Civil  Engiaeer  and  ( 
Arohitecl'B  Journal. 
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It  is  now  (1815)]  hyrs  hpj  Wh        g' 

[  permanent  lin      f         m  h    A !  w        d 

j  England,  and    h        pp         f      p     1        i        ly      d      g     ly     1        d  f 
J  Previous  toihd        h  hdhJb         f 

j  and  ihe  voya       hdb         indbykpnlp  f         rap 

S  nearly  ten  yea     b  f       by  h  h  p  & 

)  praciicability  of         mpl    h    g     1 
of  sieam  and       1    h  d    I      b  p 

which  had  mad     h  g    f   m  E  gl     d 

!  led  by  sieara.     C  lly  h  d 

?  Sleam  power  h  d  b  1    ly      d  ] 

!  except  to  voya         f       jlm     dl     gh      A 
?  larly  between  F  Im      h      d  h    I  1     < 

f  to  Alexandria,  b      h         )  Id  ^  g 

ach  of  which  relays  ol  fuel  weie  obtained.  The  steamers  usually  touched 
me  of  the  ports  of  Spain,  and  invariably  at  Gibraltar  and  Malta.  It  was, 
\  therefore,  to  be  expected  that  a  project  so  novel  and  startling  as  to  cross  the 
e  expanse  of  the  Atlantic,  in  the  face  of  adverse  winds  almost  as  perma- 
i  as  the  Trades,  should  be  entertained  with  caution  by  ihe  prudent,  and  re- 
J  garded  with  diffidence  by  the  skeptical.  Not,  indeed,  that  any  who  had  been  con- 
;ant  with  the  existing  condition  of  the  past  history  of  steam  navigation  could 
attain  the  least  doubt  of  the  abstract  practicability  of  the  project.  A  vessel 
?  having  as  her  cargo  a  couple  of  steam-engines  and  some  hundred  tons  of  coals, 
j  would,  caleris  paribus,  be  as  capable  of  crossing  the  Atlantic  as  a  vessel  trans- 
I  porting  the  same  weight  of  any  other  cargo.  A  steam-vessel  of  the  usual  fonii 
'  construction  would,  it  is  true,  labor  under  some  comparative  disadvantage, 
/  owing  to  the  obstruction  presented  by  her  paddle-wheels  and  the  paddle-boxes 
J  which  cover  them.     Still,  however,  it  would  have  been  preposterous  to  suppose 
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that  these  impediments  could  have  rendered  her  passage  to  New  York  imprai. 
ticable.  Such  a  vessel  merely  transporting  her  machinery  and  fuel  withont 
working  the  one  or  consuming  the  other,  would  still  make  the  voyage. 
That  a  steamship  might  be  a  tolerably  good  sailing  vessel  even  in  the  state  of 
advancement  to  which  steam  navigation  had  attained  in  the  year  1837,  was 
proved  by  the  fact  that  the  steam-frigate  Medea,  one  of  the  most  efficient 
steamers  in  the  service  of  the  Admiralty,  accompanied  the  British  fleet  many 
thousand  miles  propelled  by  sails,  and  without  working  her  engines  at  all.  If, 
then,  a  steamship  viewed  merely  as  a  saihng  vessel,  freighted  with  engines 
and  coals,  could  traverse  the  Atlantic  with  certainty,  how  absurd  must  it  have 
been  lo  suppose  ihat  the  abstract  practicability  of  such  a  ship  making  the  voyage 
to  New  York,  with  the  aid  of  her  machinery  and  fuel,  as  a  propelling  power, 
could  for  a  moment  be  doubled,  and  how  incredible  ought  it  to  appear  that  any 
individual  possessing  the  most  ordinary  means  of  current  information,  to  say 
nothing  of  an  acquaintance  with  practical  or  theoretical  mechanics,  could  ever 
have  maintained  that  such  a  voyage  was  a  physical  impossibility. 

Yet  such  a  statement  was  not  only  widely  circulated,  but  almost  universally 
credited.  It  is  publicly  known  that,  at  the  time  I  now  refer  to,  I  was  repre- 
sented as  having  stated  in  a  speech  made  by  me  at  the  annual  meeting  of  the 
British  Scientific  Association,  at  Bristol,  that  such  a  voyage  was  a  mechanical 
impossibility — that  the  project  was  chimerical— and  that  we  might  as  well  at- 
tempt to  steam  to  the  Moon  as  to  New  York.  On  the  occasion  referred  to,  a 
discussion  took  place  at  Bristol,  in  which  I  took  a  leading  part.  Projects  had 
been  started  by  two  different  and  opposing  interesis ;  one  advocated  the  estab- 
lishment of  a  line  of  steamers  between  the  west  coast  of  Ireland  and  Bostonj 
touching  at  Halifax ;  the  other  proposed  a  line  direct  between  Bristol  and  New 
York.  The  projectof  the  latter  interest  was  at  the  moment  the  mote  rife.  The 
keel  of  the  Great  Western  was  laid  down.  In  the  preceding  year  I  had  brought 
before  the  same  society,  at  iheir  meeting  in  Dublin,  the  former  of  these  projects, 
and  had  strongly  advocated  it.  On  the  occasion  now  referred  to  at  Bristol, 
I  again  urged  its  advantages,  and  by  comparison  deprecated  the  project  of  a 
direct  line  between  Bristol  and  New  York,  When  I  say  I  advocated  one  of 
these  projects,  it  is  needless  to  add  that  the  popular  rumor  which  unfortunately 
spread  all  over  the  world,  that  I  had  pronounced  the  Atlantic  steam  voyage 
impracticable,  is  uiteriy  destitute  of  foundation.  But  that  this  disavowal  of  it 
may  not  rest  alone  upon  my  assertion,  I  annes  here  the  report  of  what  did  ac- 
tually pass  at  the  Bristol  meeting,  extracted  from  the  Times  newspaper  of  the 
27th  of  August,  1837.» 

""BRITISH  ASSOCIATION— BRISTOL  MEETING. 


"  (Mr.  Davies  Gilbert  in  Ihe  chair.) 
Mr.  Chatfield  read  a  very  long  essay  on  Naval  Arcbitectore. 
Mr.  Enaasgave  alongacconnl  nf  the  woriiing  of  Ihe  Cornish  steam-engioes. 
The  aeclioa  became  very  impalienl,  and  coiled  ibr  Ur.  Lardner. 
Mr.  Thomas  Moore  came  into  the  room,  and  was  received  with  much  applaaso. 

he  conld  oot  open  the  important  businesa  which  had  been  appointed  for  this 

'' IS  it  nnqneetionahlywas.Knd  involving  as  it  did  the  interest 

immcrce,  it  snoma  have  interfered  with  another  inqqiiy  which,  if  less  attrae- 
as  in  no  respect  inferior  la  its  nltimate  valae.  The  very  cirenmstance  of  the 
present  and  presang  interest  which  was  felt  npon  this  subject  of  steam  commnnication  to  distant  parts 
,of  (he  world— the  fad  that  already  considerable  investment  of  capital  had  been  made  in  sucli  specn- 
lation^waa  a  circnmetance  which  wonld  somewhat  embarrass  Iheui  in  arriving  al  a  safe  and  certain 

ridcrable  portion  prejudices  which  woold  be  liable  to  bias  ibem  unless  lliey  used  a  good  deal  of  self 
controi,  and  bi-oiight  with  it  the  exeroiseof  Iheir  own  judgmeoL  He  woutd,  therefore,  beg  of  every 
one,  and  .iiore  especially  of  those  who  had  a  direct  iiilerosl  in  the  inquiry,  todisniias  from  their  minjs 
MfTemoody-formeiiiiaswcatBiihoatit,aiid7ainveapeai^yi/p(>athsgueituiii,lobtgnardedagaiiitt 
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That  joiima!  sent  a  special  reporter  to  Bristol,  whose  report  of  the  discussion 
appeared  tlie  next  day  but  one  after  it  took  place,  and  the  general  accuracy  and 
!  fidelity  of  the  reports  which  appear  in  that  paper  are  aufficienily  acknowledged. 
In  fact,  a  doubt  had  been  neither  entertained  nor  expressed  by  me  as  to  the 
(  practicability  of  establishing  a  line  of  steam  communication  across  the  Atlantic, 
)  but  I  maintained  that  much  dilTerenco  of  opinion  might  exist,  and  in  fact  such  ( 
(  difference  did  exist,  as  to  what  manner  of  accomplishing  that  object  might  beat  ( 
ire  certainly,  safety,  regularity,  and  profit,  without  whicti  last  element  it  ) 
1  evident  all  others  would  be  unavailing.     1  contended  that,  to  establis' 
1  such  a  line  of  communication,  in  the  actual  condition  of  steam  navigation  i 

time,  so  as  to  combine  commercial  profit  with  permanence  and  regularity,  ' 

("would  tax  the  powers  of  the  steam-engine  to  ihe  utmost  extent  of  their  existing  ' 

J  limits,  and  that  accordingly  every  precaution  which  skill  and  ingenuity  could  j 

suggest  in   the   construction   and  appointment   of  the  vessels  should  be  taken, 

ind  every  available  means  of  augmenting  the  pecuniary  returns  should  be  re- 

l  sorted  to. 

Steam  navigation  had  till  then  been  chiefly  confined  either  to  the  crossing  ( 
)l  narrow  seas  whicli  separate  adjacent  countries,  such  as  the  Irish  channel,  , 
J  the  German  ocean,  the  Baltic,  the  Mediterranean,  or  to  coasting,  or  such  as  the 
[  voyages  between  port  and  port  of  the  British  islands  and  other  parts  of  Europe, 
J  and  those  of  the  Mediterranean  steamers  between  Falmouth,  Gibraltar,  Malta,  ! 
S  and  the  Ionian  isles.*     For  snch  navigation  steamships  have  great  and  numer- 
j  advantages  over  sailing  vessels,  more  especially  for  the  transport  of  pas- 

J  the  anii^iiaa  1^  mere  iheirr^  I  Jbr '/ there  tewi  o!K  pmjU  in  prartiM  ^  a  eommerdai  natare  iBkidl  ) 
Ihiia  aiii/iher  required  ia  Befo'mded  oa  experience,  it  leas  tkii  one,  ifexieading  sleam  naviga-  ) 
o  vo^a^eii  of  extraordinary  length.  He  wo-s  aware  that  since  llie  question  had  arisen  in  tliat  ) 
it  had  been  gliued  that  his  own  opinion  was  averse  to  it;  Ihnt  impression  vias  iolallg  v,-ran~i   ) 

edid  feel,  asatepahad  been  taken  to  try  this  experiment,  great  caution  shonld  be  need  in  the   ) 

)  adoption  of  the  means  of  canTiog  it  Into  efect  Almost  a!t  depended  on  a  first  attempt :  for  a  faii- 
nre  wonld  mnch  retard  the  ultimate  conmnimation  of  their  wiahea.  He  believed  those  in  ihe  eeeiioa 
who  knew  him.  woold  Peadilr  acquit  him  of  lieing  forward  lo  qneatioo  ilie  power  of  nieam.  He 
tendered  the  most  aiiqoali lied  allegiance  to  the  eovereigniy  offlteam,  bat  he  tendered  Ihe  allegiance 
of  a  free  and  ihioking  anbject  lo  a'conetitulioaal  monaii;h.  Ho  did  not  how  before  the  power  of 
Bieam  as  nn  abject  slave,  and  if  he  found  a  failnre  ia  the  adminiatration  of  that  power  he  ainihntcd 
il  entirely  lo  the  ministers.    (Cheers.)" 

[The  report  then  gives  some  calcnlaliona  of  the  performances  of  Admiralty  steamers,  from  which 
tlie  speaker  is  represented  as  recommending  the  coast  of  Ireland  as  b  point  of  final  departure,  in 
preference  to  making  Ihe  voyage  in  one  trip  from  the  shores  of  England.    The  report  concludes  as 

"He  would,  therefore,  counsel  those  who  proposed  toinveet  capital  in  this  moat  interesting  en- 

advlse  that  the  measured  tonnage  should  correspond  with  the  tonnage  by  displacement.    3d,  To  go 

to  increased  expense  io  using  the  best  coals,    M,  He  woold  earnestly  impress  upon  Uiem  the  expo-  j 

diency  of  adopting  the  puddle-wheels  shown  in  the  section  yesterday.    1th,  He  advised  the  propn--  I 

tion  of  one- horse  power  lo  fonr  tone  as  ihe  best  ratio  of  power  to  tonnage.    5th,  He  would  impi 

opon  them  die  expediency  of  giving  more  attention  to  the  selection  of  engineers  and  stokers ,    . 

was  a  matter  of  llie  last  importance  and  might  produce  a  saving  of  thirty  10  forty  percent    With  £ 

respect  to  the  hollers  he  would  recommend  copper  ones.    Lastly,  he  would  advise  die  coaJ  boxes  t 

,  be  tanked.    (Loud  ehee™.)  , 

S       "Mr.  Russell  would  confess  he  had  listened  with  the  greatest  delight  lo  the  Incid  and  logical  ob-  J 

J  servaiions  they  had  inst  heard.    He  would  merely  add  one  word— let  them  try  this  experiment  j 

)  wilh  a  view  only  to  the  enterprise  ilaelf.  but  on  no  account  to  liy  any  new  boilers  or  other  experi. 

menlB,  but  to  have  a  combination  of  the  most  approved  plans  thai  had  yel  been%dopIed.    (Cheers.) 

"  Ur.  Bmnel  then  pointed  out  some  errors  in  the  calculalions  made  by  Dr.  Lardiicr.  which  would 

beinfavorof  thenndenaking:  he  was  convinced  Ibat  nine  or  even  ten  miles  an  hour  might  be 

accompllehed.  and  Dr.  Lardner  had  formed  his  lonclusionB  npen  old  vessels,  aitd  wn  from  one  in 

which  everything  was  done  on  the  most  approved  principles  yet  known,  and  dins  tedaced  posiabil. 

ity  10  certainly.     [Cheers.) 

'■  Mr.  Fieldsaid  he  had  made  Ihe  calcDlatione  for  the  Ordnance  on  Ibo  vessels  to  Corfn;  they  were 
taken  npan  HO  Hverage  which  included  the  infancy  of  the  undertekiag. 
■' Dr.  Lardner  inreply  said,  thai  ie  iJumght  the  voyage  praelicable ;  but  he  wished  io  point  onllhal 
t  wireS.  btokH  rtmotrt  the  postibilily  oj  a  doubt,  because  if  the  lirsl  attempt  failed,  it  would  cast  a 
'-'    lupnn  the  enterprise  and  prevent  a  repelitiop  of  the  allempL" 
?hi9  discussion  has  produced  the  greatest  possible  interest." 
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THE  ATLANTIC  BTEAM  aUKSTION. 

sengers.  In  confined  seas  and  in  coasting,  their  superior  safety  was  obvious  ■ 
independent  in  a  great  degree  of  the  wind,  a  steamer  fears  no  lee-shore.  If 
pressed  by  stress  of  weather,  she  has  that  within  her  which  in  most  cases  will 
carry  her  into  the  safe  shelter  of  any  neighboring  port.  Provided  with  con- 
venient depots  at  short  distances,  she  needs  not  to  fill  her  tonnage  with  coals, 
and  thereby  limit  the  magnitude  and  power  of  her  engines,  or  encroach  upon 
the  space  which  might  be  profitably  occupied  by  passengers,  or  by  objects  of 
commerce.  Supplied,  therefore,  by  abundant  mechanical  power,  she  far  out- 
strips all  sailing  vessels,  and  puts  any  such  competilion  completely  out  of  the 
question.  ^ 

The  steam-engine,  however,  like  an  animal,  requires  that  its  periods  of  labor 
should  be  of  limited  duration,  and  that  repose  should  be  allowed  at  reasonable 
intervals,  during  which  the  machinery  should  be  looked  over,  cleaned,  oiled, 
and  put  to  rights.  The  service  to  which  steam-vessels  had  been  previously 
confined  admitted  of  this,  without  interruption  to  the  operation  of  the  machinery 
I  he  frequent  arrivals  and  the  necessary  time  of  remaining  in  port  being  gene- 
rally more  than  sufficient  for  these  purposes. 

How  different  were  the  circumstances  under  which  the  Atlantic  steamers 
were  about  to  compete  with  sailing  vessels.  The  dangers  of  confined  seas  and 
coasting  navigation  no  longer  menace  the  majestic  ship,  which  in  canscioua 
security  seems  to  triumph  in  the  unlimited  expanse  of  water  around  her  and 
to  bound  with  gladness  over  the  ocean  swell.  No  threatening  shore  is  present 
to  call  into  requisition  the  peculiar  powers  of  her  mechanical  rival,  no  shoals 
or  sand-banks  are  encountered  on  which  she  may  be  driven  by  the  disobedient 
wind,  and  from  which  her  intractable  helm  and  sails  cannot  save  her,  but 
among  the  inincacies  of  whose  channels  the  powers  of  her  rival  can  conduct 
her  with  unerring  precision. 

On  the  other  hand  designed  expressly  by  her  structure  to  encounter  the  tu- 
multuous surface  of  the  ocean,  having  the  skill  and  experience  of  a  hundred 
generations  of  men  concentrated  to  confer  on  that  structure  security  and  de- 
fence (rom  the  perils  of  the  deep,  the  sailing  vessel  has  in  the  ocean  storm 
some  advantage  as  lo  safety,  encumbered  as  the  latter  is  by  her  machinery  by 
the  unwieldly  projecting  masses  of  her  paddle-boxes,  and  her  chimney  The 
danger  of  fire  and  explosion  in  steamers  is  another  circumstance  which  must 
"P^.^^s  ""O^^  i"  favor  of  sailing  ships  in  long  voyages  than  in  the  service  to 
which  steamers  had  been  confined  until  the  epoch  we  now  refer  to.  When 
such  accidents  occurred  on  board  steamships,  they  were  generally'tun  into 
port  or  on  shore,  a  source  of  safety  of  rfhich  the  ocean  steamers  must  of  course 
be  deprived. 

On  the  occasion  now  alluded  to,  namely,  in  the  public  discussions  which 
lookplacem  the  years  1836  and  1837,1  urged  all  these  circumstances  and 
others  to  demonstrate  the  necessity,  in  attempting  the  grand  enterprise  con- 
templated, of  calling  into  requisition  every  source  of  safety  and  efficiency 
which  the  most  consummate  mechanical  and  nautical  skill  could  supply  and 
that,  although  n«el  expedients  should  be  regarded  with  caution,  still,  (hat  the 
exigency  of  the  case  would  render  it  in  the  last  degree  imprudent  not  to  give 
every  fair  trial  lo  those  pretensions  compatible  with  security. 

But  independently  of  the  considerations  above  stated,  there  were  others  not 
less  imperatively  demanding  attention  and  consideration.  To  secure  permanent 
success,  safety,  efficiency,  and  despatch,  would  not  be  enough.  It  was  neces- 
sary besides  that  the  enterprise  should  yield  a  fair  profit  on  the  capital  it  would 
absorb.  I  had  had  abundant  professional  experience  in  relation  to  steam  nav- 
igation at  that  time,  to  be  aware  of  the  great  magnitude  of  the  espenditure 
•"hich  the  proper  maintenance  of  steamships  like  those  necessary  for  the  Al- 
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fares  lo  a  level  with  those  of  the  Sdiiuig  vessels,  or  nearly  so,  for  m  that  trip  \ 

their  peculiar  power  wouid  not  give  them  such  advantage  in  speed  as  would  i 

secure  them,  at  high  fares,  the   necessary  preference.     This  was  stroirgly  ) 
urged   by  me   at  tile  time,  and  the  event  has  verified  my  anticipalio 

But  still  I  contended  that  it  was  extremely  doubtful,  in  the  state  in  which  ) 
the  art  of  constructing  steam-vessels  then  was,  whether,  with  all  the  prudence  ? 
and  skill  that  could  be  exercised,  a  permanent  and  regular  li-ne  of  steamers  ) 
running  through  the  year  between  England  and  New  York,  or  any  other  port  j 
of  the  United  States,  would  be  productive  of  that  commercial  profit  which  i 
would  be  indispensable  to  sustain  them,  unless  they  should  have  some  con-  i 
siderable  revenue  to  fall  back  upon,  especially  in  the  winter  part  of  the  year,  | 
besides  the  utmost  that  could  be  expected  from  cargo  and  passengers.  The  i 
source  of  such  support  was  apparent,  and  I  again  and  again  at  public  meetings  ( 
urged  that  the  possession  of  the  British  Postoffice  contract  for  conveying  the  ( 
mails,  would  form  an  indispensable  element  in  the  successful  issue  of  the  J 
project;  but  to  obtain  this,  it  was  understood  that  Halifax  must  be  adopted  as 
an  intermediate  station.  The  plan  therefore  that  I  advocated,  both  in  Dublin, 
at  the  meeting  of  the  British  Association,  in  1836,  and  subsequently  in  London, 
and  other  principal  towns  of  England,  and  again  at  the  meeiing  of  the  British 
Association  at  Bristol,  where  I  have  been  charged  with  pronouncing  the  project  i 
impracticable,  was  to  establish  a  line  of  sieam  communication  between  one  of  S 
the  western  ports  of  Ireland  and  Boston,  touching  at  Halifax,  and  thereby  se-  ( 
curing  the  contract  for  the  conveyance  of  the  British  mails.  [  proposed  that  a  j 
railway  should  be  constructed  between  the  starting-point  in  the  west  of  Ireland  j 
and  Dublin,  which,  with  the  Dublin  and  Liverpool  steamers,  and  the  Liverpool,  > 
Birmingham,  and  London  railway,  would  form  one  great  continuous  a 
highway  between  the  capitals  of  the  new  and  the  old  world. 

Such  were  the  arguments  urged  and  such  the  circumstances  of  the  discus-  ( 
Btons,  in  which  I  chanced  lo  have  so  prominent  a  share,  in  the  United  King-  | 
dom,  in  the  years  1836—7.     Now  let  us  see  what  has  been  the  result.  ' 

The  line  of  Cunaid  steamers  has  been  established,  and  has  been  kept  in  , 
constant  and  regular  operation  for  about  five  years.     They  have  been  subsi-  ' 
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estin„ui&her  on  Ihe  far  famed  liners ,  and  great  was  the  indignation,  bitter  the 
scorn,  and  biting  the  iruny,  with  which  I  was  assailed,  because  1  ventured  to  drop 
rather  an  unequivocal  hint  that  I  suspected  that  no  such  line  would  be  i-  p^iston^.. 


for  some  years  to  come,  that  is  to"  say,  if  the  postofBi 
j  competition  with  them.   Where  then  I     k       '        d  i 

S  The  Great  Western  commenced  he  8  8      h    w  pp  rt 

(  by  wealthy  and  enterprising  capitalis       l"  p  d  d 

5  throughout  the  land  ;  where  are  all  ih       h  m  h  B 

(  though  that  company  did  not  deem  i    p  to  g  n 

■'  's  profitable  speculation,  others,  w  h  g    h  h         p 

nt,  ventured  to  do  so,  and  some  fa  m    h  y 

j'placedonthe  New  York  line  from  L     rp  d  L  d 

J  I  ask,  where  are  they  ?     Echo  answ  h 

But  the  Great  Western  has  cont       d       w  a 

vith  regularity,  permanence,  and  pro        T  au       y 

.  will  admit.     That  she  has  done  so  with  permanence,  I  deny  ;  for  it  is  noio- 

ious  that  she  has  suspended  hor  work  during  the  winter  season.     To  what 

ixtent  she  may  have  been  profitable  to  her  owners,  will  be  judged  from  the 

S  fact  publicly  known,  that  they  have  more  than  once  endeavored  to  get  rid  of 

)  ^u'  by  public  sale,  and  on  a  late  occasi<m  it  was  understood  that  a  sale  to 

i  the  British  government  had  been  actually  completed,  but  in  consequence  of 

}  sotne  subsequent  ditfetence  between  the  parlies  respecting  the  conditions  on 

j  which  it  was  made,  the  vessel  remained  on  the  hands  of  the  original  owners. 

,  Now,  I  wiil  venture  to  ask,  what  is  to  be  inferred  by  any  unbiased  observer  of 

)  facts  connected  with  the  great  Atlantic  question?     Have  the  conditions 

der  which  the  Cunard  line  of  steamers  have  been  established,  been  neces-' 

S  sary  or  not  for  the  permanent  commercial  success  of  the  enterprise  ?    We  have 

)  before  us  two  rival  projects;  the  first  started  so  far  back  as  the  year  1837  the 

}  second  not  commenced  until  1840.     The  latter  gradually  increases  the  number 

Is  vessels  and  the  frequency  of  its  voyages.     At  no  season  of  the  yi 

ispend  its  operations — accommodating  itself  lo  the  varying  trafiic  at  difTer- 

seasons  by  the  greater  or  less  frequency  of  its  trips.     The  second, 

J  mencing  its  operation  in  1838,  preceded  by  a  loud  flourish  of  trumpets, 
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oing  once  a  month  during  I  he 
■epeatedly  in  the  interval  endeavored 
sare  to  me  so  plain,  that  I  feel  almost 
1  arguments  so  apparent.  It  is  plain  to 
m,th3t,  in  the  shape  and  under  the  con- 
" ir  York,  the 


J  after  seven  years,  as  it  begun,  by  rum 

(  season,  a  single   steamship,  having  i 

)  to  get  rid  of  her.     The  inference  appi 

(  compelled  to  apologise  for  enlarging  oi 

mind  as  the  noontide  light  of  the  si  , 

J  ditigns  in  which  it  has  been  attempted  between  England 

f  Atlantic  steam  project  has  utterly  failed. 

V       But  in  the  interval  which  has  elapsed  since  the  Great  Western  projectors 

j  launched  their  ship,  the  art  of  steam  navigation  applied  to  sea  voyages  has 

S  been  steadily  and  gradually  improved,  and  the  problem,  consequently,  is  now 

(  offered  to  us  under  conditions  different  from  those  by  which  it  was  restricted 
1  1837.     Whether  ships  may  not  now  be  constructed  which,  combining  the 

J  principal  advantages  of  sailing  vessels  and  steamers,  reducing  the  expense  at- 
tending their  machinery  and  its  management,  providing  ample  and  aviulable 

{  tonnage  for  merchandise,  abridging  in  a  very  considerable  degree  the  length 

)  of  the  voyage  westward,  and  rendering  the  eastward  trip  more  certain  and 
regular,  and*  to  some  extent  shorter,  are  questions  well  entitled  to  the  serious 
consideration  of  capitalists.     I  shall,  howqj er,  on  another 

I  opponunity  of  examining  these  questions  in  detail. 


[The  pqbltsher) 

ilUnTXlil^l 

me  llie  following  essay,  evidentljproceedii.g  from  Ihe  pen  of  a  wiiler  of  great 

utecl'»  Journal 

arly  in  year  1842.    From  il  Ihe  public  in  this  country  will  see  how  this  qoastion 

d  tl.o  share  Cak 

a  in  il  by  Dc.  Lardner  are  now  regarded  in  Europe,   In  other  respects  the  Sol- 

wing  essay  will 

be  read  wiih  mneh  interest  bring  teylete  witli  sound  uiibrmadon  and  praoticai 

HAS  ATLWTIC  STEAM  HYIBATION  BEEN  SUCCESSFDL! 

Althouoh  practical  men  are  usually  ready  to  acquiesce  in  those  deductions 

of  the  philosopher  which  relate  lo  the  establishment  of  abstract  principles,  they 

are  too  apt  to  resist  any  attempt  to  apply  those  principles  lo  the  analysis  of  the 

I  transactions  of  real  life.     General  truths  are  usually  treated   as   if  they  were 

individual  fallacies  ;  and  a  hypothesis,  however  Just,  requires  to  continue  inert 

in  order  that  it  may  remain  uncensured.     Ail  men  look  upon  general  rules  as 

!  being  applicable  to  all  cases  except  those  in  which  their  own  antipathies  or 

I  predilections  happen  to  be  enlisted,  and  however  clear  men's  judgments  may 

!  be  upon  indifferent  topics,  they  appear  incapable  of  apprehending  the  force  of 

(  the  plainest  argument  if  establishing  a  conclusion  adverse  to  their  supposed  in- 

i  terests.     Hence  the  imperfect  success  of  attempts  lo  fix  the  current  value  of 

j  political  or  commercial  measures  by  the  aid  of  philosophical  research.     Some 

)  powerful  vested  interest  is  sure  to  step  in  to  prove,  "  by  most  sufficient  tea- 

ions,"  that  the  subject  under  inquiry  is  exempt  from  ordinary  Jurisdictions — 

hat  its  peculiar  features  constitute  it  a  case  sui  generis,  which  the  said  vested 

nterest  is  by  far  the  best  qualified,  to  illustrate.     Truly,  the  public  has  much 

0  be  thankful  for,  from  an  intervention  so  discriminating  and  disinterested. 

But  the  philosophers  are  sometimes  censurable  also.    There  is  a  philcraoph- 

cal  as  well  as  a  popular  infatuation,  the  former  consisting  in  unwarrantable 

i  generalization,  and  the  latter  in  irrational,  speciality.     Things  alike  are  yet 

J  things  different ;  and  although  in  the  generic  distribution  of  a  subject  it  is  im- 

sibie  to  take  cognizance  of  minute  differences,  yet  those  differences  must 

j  by  no  means  be  disregarded  wlien  an  individual  case  is  singled  out  for  exami- 

Lon.     Philosophers  are  too  apt  lo  pay  exclusive  regard  to  leading  char- 
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acterisiics— 10  overlook  those  limitations  and  peculiarities  which  distinguish 
everything  in  nature  from  that  which  it  most  nearly  resembles,  and  without 
attention  to  which  genera!  rules  cannot  be  rendered  strictly  a 
diversified  cases  which  arise  in  practice. 

The  obvious  remedy  for  these  eviis  is  for  the  practical  man  and  the  philoso- 
pher each  to  abate  somewhat  of  his  characteristic  prejudice.  Let  the  practi- 
cal man  trust  a  little  more  to  reason,  and  the  philosopher  a  little  more  to  expe- 
rience, and  let  the  practical  man  lake  the  proper  steps  to  cure  himself  of  that 
monomonia  which  the  intermingling  of  considerations  of  private  interest  with 
philosophical  investigation  usually  generates.  He  should  adopt  thi 
theiic  rather  than  the  analytic  method  of  investigation,  and  should  be  more 
intent  upon  tracing  resemblances  than  in  multiplying  differences.  He  should 
reason  from  principles  to  examples  rather  than  from  examples 
and  should  regard  principles  as  the  exponent  of  results  rather  than  an  attempt 
to  raise  results  into  an  antagonism  of  principles.  The  philosopher  should 
carefully  examine  whether  the  case  he  has  undertaken  to  investigate 
exception  to  a  general  law— or  whether  it  may  not  possess  sacH  distinctive 
quahtiesasmay  materially  modify  *he  final  result.  He  should 
precise  point  at  which  the  case  under  review  diverges  fcom  other 
the  most  neariy  coincident,  and  should  assure  himself  he  has  overlooked 
circumstance  capable  of  influencing  his  conclusions.  It  is  only  by  ; 
vance  of  these  rules  that  either  practical  or  scientific  men  may  hope  to  obtain 
results  undistorted  by  prepossession,  prejudice,  or  passion,  and  should  hope 
witness  the  adoption  of  these  means  of  arriving  at  a  correct  conclusion  ' 
investigation  of  the  merits  of  Atlantic  steam- voyaging,  wete  it  not  an  invaria- 
ble attribute  of  keen  disputations  that  the  attainment  of  a  correct  conclusion 
regarded  as  a  matter  altogether  unimportant. 

The  clamor  and  confusion  which  marked  the  original  discussions  relative 
to  Atlantic  steam-voyaging  have  now  happily  subsided  ;  but,  olthough  they 
made  such  an  unceremonious  noise,  they  have  left  no  very  distinct  recollection 
aa  to  what  thai  noise  was  all  about.  In  trulh,  it  was  not  very  easy  to  lell  that 
even  at  the  lime  ;  for  so  much  of  palpable  absurdity  was  mixed  up  in  the  doc 
trines  currently  attributed  to  the  most  distinguished  of  the  disputants,  as  to  de- 
stroy in  ihe  minds  of  men  unaffected  with  the  steam  rabies,  all  confidence  in 
the  genuineness  of  the  imputed  declarations.  Men  of  penetration,  indeed,  re- 
garded the  representation  that  suppositions  pregnant  with  absurdity  were' the 
sentiments  avowed  by  eminent  inquirers,  as  a  sort  of  ruse  de  guerre,  intended 
to  shake  ihe  reputation  of  those  whose  arguments  were  unsusceptible  of  refu- 
tation. But  the  manieuvre  was  successful — the  advocates  of  the  Atlantic  en- 
terprise were  "  willing  to  swear  anything  for  their  client,"  and  the  faith  of  the 
multitude  was  equally  comprehensive.  Many  of  the  absurdities  so  industri- 
ously disseminated  as  the  scntimenis  of  distinguished  men,  were  really  in  some 
measure  believed  to  be  the  veritable  doctrines  of  those  eminent  persons,  and 
of  those  who  rejected  such  a  supposition  but  a  small  proportion  was  aware  of 
what  ihe  actual  doctrines  really  were.     We  have  been  at  some  pains  to  sup. 


It  purpose 


ply  this  defect  of  information  from  autht 

to  state,  1st,  the  nature  of  the  opinions  really  entertained  upon  the  subject 
Atlantic  steam  transit  antecedently  to  its  establishment ;  and  2diy,  the  present 
condmon  of  the  Atlantic  enterprise,  restricting  the  meaning  of  that  term  to  the 
line  of  communication  between  Great  Britain  and  New  York,  lo  which  it  was 
originally  applied. 

The  discussion  of  the  question  of  Atlantic  steam  transit  first  attracted  the 
public  attention  during  the  meeting  of  the  Bristol  Association,  held  at  Bristol, 
m  1836.     One  party  alleged  that  the  establishment  of  a  line  of  steamers  be^ 
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tween  Great  Britain  and  New  York,  of  sufficient  size  and  power  to  enable  tliem 
to  perform  the  passage  in  one  trip,  would  inevitably  be  a  most  beneficial  spec- 
ulation. Another  party,  of  which  Dr.  Ltirdner  was  the  representative,  con- 
tended that  there  were  no  good  grounds  for  believing  that  the  performance  of 
the  voyage  in  one  trip  was  practicable,  with  sufficient  economy  to  render  the 
enterprise  successful ;  but  if  the  voyage  were  resolved  into  suitable  stages,  the 
enterprise  might  then  be  brought  under  conditions  which  promised  a  fair  pros- 
pect of  a  beneficial  result.  To  understand  clearly  the  force  of  the  reasonings, 
we  must  first  have  a  clear  conception  of  ihe  capabilities  of  steam  navigation. 

If  any  given  steam-veasel,  moved  according  to  the  ordinary  practice,  by  the 
conjoined  agency  of  steam  and  sails,  be  laden  with  coals  to  the  extent  of  her 
capacity,  she  will  in  that  state  be  capable  of  performing  a  voyage  of  a  certain 
determinate  length,  with  her  engines  acting  for  the  whole  time  with  their  full 
power.  Now  it  is  well  known  that  the  same  vessel  is  capable  of  making  the 
same  voyage  by  the  agency  of  sails  alone  ;  for,  although  stcara- vessels,  when 
propelled  by  sails  alone,  without  working  their  engines,  may  be  inferior  in 
speed  or  in  nautical  qualities  to  an  ordinary  ship,  yet  we  know  that  they  are 
capable  of  performing  long  voyages  unassisted  by  steam,  as  has  been  abundant- 
ly proved  by  the  voyages  of  the  Madagascar  and  other  steam-vessels  to  India, 
as  well  as  by  numerous  government  and  other  vessels.  Between  the  perform- 
wice  of  this  voyage  with  the  greatest  expenditure  of  fuel  which  will  in  ordina- 
ry circumstances  be  made,  when  the  engines  are  worked  at  their  full  power,  and 
with  the  expenditure  of  no  fuel  at  all,  we  may  manifestly  fix  upon  a  given  point 
where  the  expenditure  of  fuel  during  the  voyage  shall  be  precisely  what  we 
please.  For  we  may  either  work  ^e  engines  during  the  voyage  for  such  a 
portion  of  the  time  as  shall  exactly  consume  the  quantity  of  fuel  we  have  fixed 
upon,  or  we  may  work  the  engines  for  the  whole  period  of  the  v^oyage  with 
such  a  diminished  exertion  of  power  as  is  capable  of  being  produced  by  the 
quantity  of  fuel  we  propose  to  consume.  We  may,  therefore,  easily  maintain 
the  machinery  of  a  steam-vossel  in  uninterrupted  action  for  any  length  of  voyage 
we  think  proper,  provided  only  that  the  amount  of  power  exerted  by  the  ei 
gines  be  correspondingly  diminished;  or,  what  is  the  same  thing,  that  the  engini 
be,  if  worked  al  their  full  power,  correspondingly  small.  The  question,  then, 
of  the  practicability  of  a  steam  voyage  of  any  length  whatever,  resolves  itself 
into  the  practicability  of  makmg  ships  very  big  and  engines  very  little  ;  a  ques- 
tion which  it  can  hardly  be  supposed  any  one  could  be  so  insane  as  to  contest. 
Yet  even  this  absurdity  has  been  attributed  to  Dr.  Lardner,  who  is  represented 
to  have  said,  at  the  Bristol  or  Liverpool  meeting  of  the  British  Association, 
that  for  a  steamer  to  reach  America  was  a  physical  impossibility  ;  and  this,  too, 
in  the  face  ol  the  well-known  fact,  that  the  steamers  Savannah,  Cura^oa,  &c., 
had  already  crossed  the  Atlantic,  long  antecedent  to  the  dale  of  the  British 
meeting!  And  was  a  falsehood  so  preposterous  beheved  ?  /(  V!as~~an 
probably  extensively  believed  to  the  present  day  ! !  But  it  will  be  objected, ' 
I.ardner  said  that  we  might  as  well  attempt  to  establish  a  sleam  communication 
with  the  moon  as  with  America."  If  Dr.  Lardner  ever  made  use  of  any  such 
expression,  we  presume  he  only  meant  to  intimate  that  the  Atlantic  enterprise 
was  in  his  opinion  a  visionary  one.  When  we  talk  of  a  bubble  speculation, 
we  do  not  in  general  mean  that  the  said  speculation  has  reference  to  the  manufac- 
ture of  hollow  aqueous  spherules  ;  or  if  we  speak  of  sunset  or  sunrise,  we  are 
not  usually  interpreted  as  expressing  our  disbelief  of  the  Copemican  system  ;  so, 
in  like  manner,  if  we  institute  an  analogy  between  any  given  enierprise  and  a 
tunnel  through  the  earth,  or  a  railway  to  the  moon,  we  are  usually  understood 
to  express  our  belief  that  it  is  of  a  very  hopeless  character.  Of  physical  im- 
possibilities we  rarely  venture  to  speak — the  subject  is  abstruse.     We  should 
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,  it  was  a  physical  impossibility  J 
sistance  of  photography,  to  have  J 
ve  are  warranted  in  trealing  proj- 

associatiiig,  by  a  common  figure  { 
lur  disapprobation  with  these  un-  } 

jpon  what  principle  Dr.  Lard-  j 


(1  saying  that,  in /eram  nn'uri 

i  to  bore  a  tunnel  through  the  earth,  or,  with  the  a: 

I  teSegraphic  communication  with  the  moon,  yet 

sols  such  as  these  as  "  trifles  hght  as  air,"  and  ii 

J  of  speech,  projects  of  which  we  would  express 

substantial  fantasies.     It  is  difficuh  to  discovei 

ner  is  to  be  deprived  of  the  use  of  the  universally-employed  language  of  n,,,. 
aphor,  or  why  a  doctrine  is  to  be  forced  upon  him  which  every  man  in  hi: 
senses  must  utterly  disavow.      But  it  appears  obvious  to  us  that  no  very  figura 
tive  acceptation  of  tlie  expression  attributed  to   Dr.  Lardner  is  necessary,  as  ( 
wiil^  appear  plain  enough  from  the  following  considerations  : —  j 

The  mere  abstract  practicability  of  performing  voyages  of  any  length  what-  < 
J  ever  by  steam-vessels  is  so  palpable,  that  it  cannot  require  another  remark.  5 
But  in  practice  other  considerations  arise.     The  vessels  must  be  of  a  sufficient  t 
power  to  insure  a  rate  of  progress  considerably  superior  to  that  of  sailing  ves-  J 
aels,  and  they  must  be  so  capacious  that  while  furnishing  sufficient  stowage  < 
room  for  coals,  they  will  render  comfortable  accommodations  to  passengers,  and  ) 
space  for  a  moderate  quantity  of  cargo.     These  questions  being  satisfactorily  ( 
disposed  of,  another  question  of  stilt  greater  consequence  presents  itself.    Will  / 
vessels  of  the  size  indispensable  for  long  steam  voyages,  of  adequate  power,  ■ 
capacity,  and  accommodation,  for  the  navigation  of  the  track  of  ocean  belweeii 
Great  Britain  and  New  York,  in  one  unbroken  voyage,  pay  the  proprzetors  ' 
The  question  of  success  or  failure  is  sooner  or  later  merged  into  the  question 
of  profit  or  loss. 

The  profit  or  loss  of  steam -voyaging  is  manifestly  a  function  of  a  multitude 
of  local  and  individual  circumstances,  which  are  incapable  of  reduction  to  any 
general  form  of  expression.  But,  e<tteris  paribus,  the  longer  the  voyage  is 
without  the  relays  of  fuel,  the  more  remote  becomes  the  prospect  of  a  auccess- 
iitl  result.  For,  m  proportion  as  the  length  of  the  voyage  is  increased,  the 
size  of  the  vessel  suitable  for  the  performance  of  h 
in  a  corresponding,  though  not  in  the  same  ra  d 

taining  steam- vessels  of  such  power  and  tonnag  ! 

formance  of  unusually  long  voyages  is  such,   I 
pendent  unprotected  traffic  is  sufficient  to  susla  n         I 
assumed  as  a  general  principle,  that  in  cases  wl     e    h 
nue  are  the  profits  upon  freight  and  passenge      a  d    h 
voyage  at  the  same  time  demand  the  employm         f 
size  and  power  to  those  constructed  for  Atlant        y  g 
enterprise,  that  is,  the  continuance  of  a  profita  1        d 

be,  to  say  the  least  of  it,  as  is  proper  in  a  case  judged  a  prwrt.'esceediaeiy 
problematical,  =>         i-  5  j 

The  limitation  which  exists  to  ocean  steam- voyaging  is  expense,  not  imprac- 
Ucabiluy.  This  limitation  is,  in  the  present  state  of  the  art,  immovable  and  in- 
separable ;  and  the  establishment  of  a  steam  communication  with  the  moon  is 
quite  as  feasible,  as  the  prolitaltle  extension  of  steam-voyagmg  in  the  present 
stale  of  the  art,  to  cases  to  which  it  cannot  profitably  be  extended.  The  at- 
tempt to  surmount  the  difSculties  by  shutting  our  eyes  to  them,  is  not  only  fu- 
tile, but  is,  in  this  case,  productive  of  unmerited  disfavor  toward  steam  navi- 
gation. For  the  origination  of  enterprises  which,  from  their  nature,  cannot  be 
capable  of  yielding  an  adequate  profit  to  render  ihem  permanent,  destroys  pub- 
'Oflfidence,  and  fearfully  represses  the  spirit  of  commercial  adventure, 
re  13  no  acLievenient  which  ought  to  be  more  grateful  to  the  public  accepta- 
than  the  analysis  and  exposition  of  such  illusive  enterprises ;  yet  there  is 
„!,.         .  _ uigratelid  requital.     Persecution  and  J 
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a  appear  to  be  the  Sieritage  of  the  public  benefactor,  and  the 
(  dark  spirit  which  administered  the  cup  to  Socrates  and  Phocion,  is  not  estinct  | 
(  at  the  present  day.  It  is  the  part  of  philosophy  to  bear  contumely  without 
(  depression — nor  ought  the  sensibilities  of  the  philanthropist  to  be  frozen  by  the 
J  breath  of  popular  aspersion.  If  it  be  beneficent  to  attempt  the  dissipation  of  \ 
i  popular  delusion,  to  continue  that  attempt  uamoved  by  calumny,  violence,  and  | 
)  derision,  ia  surely  an  approach  to  divinity.  We  trust  that  Dr.  Lardner  may 
J  long  continue  his  patriotic  endeavors  to  direct  aright  the  national  energies  in 
J  any  question  similar  to  that  which  forma  the  subject  of  the  present  inquiry. 

<  Those  energies,  if  suffered  to  run  to  waste,  will  produce  a  vegetation  which 

>  may  be  fair  for  a  season,  but  which  will  inevitably  prove  itself  to  be  deadly 

<  and  delusive.     Like  waters  poured  out  upon  the  desert,  they  may  cherish  flow- 

>  ers  pleasing  to  the  eye,  but  bearing  death  in  their  exhalations — trees  of  luxu- 
(  riant  foliage  and  majestic  stature,  but  hollow  and  poisonous  within — fruit  of 
S  tempting  appearance,  but  turning  in  the  grasp  to  bitterness  and  ashes. 

J  With  a  view  of  assisting  our  readers  to  form  a  correct  estimate  of  the  true  char- 
S  acter  of  the  Atlantic  enterprise,  we  shall  recapitulate  some  of  the  circumstances 
J  attending  the  discussion  of  that  question.  The  asperity  which  characterized  the 
)  discussion  at  Bristol,  as  well  as  the  subsequent  discussions  at  Liverpool  and 
(  Newcastle,  was  a  prominent  feature  of  the  inquiry ;  the  more  so,  that  it  happily 
I  rarely  attaches  to  statistical  and  philosophical  investigation.  The  cause  of  this 
(  unbecoming  heat  has  been  attributed  to  the  fact  of  considerable  interest  having 
J  been  already  enhsted,  antecedently  to  those  discussions,  in  the  schemes  which 

<  Dr.  Lardner  found  himself  constrained  to  condemn.  The  managers  and  direc- 
S  tors  of  these  several  embryo  projects,  were,  it  is  said,  in  conformity  with  our 

<  opening  exposition  of  the  besetting  frailty  of  practical  men,  incensed  at  the 
(  application  of  Dr.  Lardner's  general  conclusions  respecting  steam- voyaging  to 
{  this  particular  case,  which  they  contended  ought  to  be,  and  was,  an  exception. 

>  It  was  considered  that  the  clearness  of  Dr.  Lardner's  expositions,  established 

<  a  conclusion  opposed  to  their  interests,  and  involved  an  indirect  reflection  upon 
j  their  capacity  or  disinterestedness,  whi!.6  engineers  and  other  artificers  were 
J  not  without  that  bias  in  favor  of  the  Atlantic  enterprise  which  the  anticipated 
{  fabrication  of  immense  vessels  might  be  expected  to  create.     Though  unable 

<  to  cope  with  Dr.  Lardner  in  argument,  this  united  parly  reasonably  concluded 
I  that  Dr.  Lardner  was  entirely  wrong,  because  they  were  undoubtedly  entirely 
5  right.  They  therefore  attempted,  and  not  without  some  temporary  success,  to  un- 
)  dermine  his  reputation  for  practical  sagacity,  by  attributing  to  him  sentiments  he 
{  never  entertained,  and  then  showing  those  sentiments  to  be  altogether  fallacious. 
J  When  the  phantoms  tlius  arrayed  as  if  they  had  been  real  entities  had  been 
J  valiantly  slain,  the  victory  was  manifestly  won,  and  was  so  adjudged  by  a  "  dis- 
)  criminating  and  enlightened  public."  That  the  popular  voice  should  have  ad- 
}  juflged  to  the  advocates  of  the  Atlantic  scheme  the  superiority  in  the  discus- 
i  sion  of  that  question,  is  a  circumstance  which  has  been  supposed  to  be  partly 
J  due  to  the 'effect  which  any  dociriue  is  capable  of  creating  in  the  public  mind 
J  if  incessantly  insisted  on,  but  chiefly  to  the  contemporaneous  development  of 
J  the  most  extravagant  popular  anticipations  relative  to  steam  agencies.  This 
}  species  of  delusion  has  been  not  inappropriately  termed  the  steam  mania. 
J  During  the  severity  of  its  paroxysms,  projects  the  most  preposterous  were  re- 
j  ceived  with  eagerness  and  applause,  the  country  was  drunk  with  expectation, 
{  and  for  a  time  appeared  bereft  of  every  atom  of  its  accustomed  discretion.  In 
j  so  distompered  a  state  of  the  public  mind,  the  project  of  Atlantic  steam-voya- 
l  ging  could  scarcely  fail  to  attract  numerous  admirers.  The  magnitude  and  gran- 
}  deur  of  the  enterprise  captivated  the  popular  sympathies,  while  the  implicit 
'  faith  in  the  omnipotence  of  steam  agencies,  smoothed  down  all  difficuliii '' 
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'd  all  opposition.  But,  although  enthusiasm  may  win  a  battle,  it  is 
only  the  mctcrial  interests  of  maiikind  which  can  keep  the  field.  Reason  may 
be  overborne  for  a  season,  but  it  is  sure  sooner  or  later  to  obtain  the  superiori- 
ty. A  lew  vears  of  experience  generally  bring  with  them  the  subsidence  iif 
the  most  inveterate  popular  delusions.  Men  awake  as  if  from  a  dream,  and  it 
is  an  honorable  trait  in  the  character  of  publt 
ments  to  perpetuate,  but  is  desirous  to  atone  foi 
have  inflicted. 

A  very  clever  writer  in  the  Quarterly  Revie 
to  point  out  the  magnificent  prospects  of  Atlan 

vantages  direct  and  consequential  which  may  be  fairly  expected  from  it.  The 
period  at  which  ihis  article  was  written,  shortly  posterior  to  the  accomplish- 
inenl  of  the  first  voyages  of  the  Great  Western,  was  peculiarly  favorable  for 
lending  weight  lo  the  reviewer's  conclusions,  and  the  writer  is  evidently  a  man 
of  much  general  ability. 

We  shall  proceed  to  make  extracts  from  this  article  as  an  example  of  the 
arguments  adduced  in  support  of  the  advantage  of  the  Atlantic  scheme. 

"  The  effect  of  this  achievement  is  by  no  means  easily  lo  be  described  or 
foreseen.  Even  the  Americans,  with  alt  their  reputation  as  a  self-possessed 
and  considering  people,  have  displayed  unwonted  raptures  and  antics  on  occa- 
sion of  the  first  arrival  of  the  Sirius  and  Great  Western  at  New  York,  quite 
as  much  so  as  our  Bristol  neighbors  on  their  return,  and  we  are  not  sure  that 
either  party  is  to  be  blamed  for  it.  We  are  not  sure  that  the  former  are  far 
out  of  their  reckoning  when  they  speak  of  this  new  epoch  in  the  history  of  the 
world.  We  can  enter  into  the  feelings  of  the  myriads  who  crowded  the 
wharfs  at  New  York  when  the  English  boats  were  hourly  expected,  when 
finally,  af\er  days  of  almost  breathless  watching  (which  to  fearful  spirits  might 
well  have  afforded  some  pretest  for  disbelieving  the  now  scheme,  some  excuse 
for  casting  even  ridicule  on  it  ailer  all),  at  length,  on  the  morning  of  Si. 
George's  day,  the  doubts,  the  fears,  the  scorn,  were  alike  destined  to  be  re- 
moved for  ever  from  the  mind  of  every  living  creature  (even  we  dare  say,  hut 
let  us  say  it  with,  due  deference,  from  that  of  Dr.  Lardnetr  faimseJf ),  for  now 
appears  a  long  dim  train  of  distant  smoke  in  a  somewh^  unaccustomed  direc- 
tion ;  it  tises  and  lowers  like  a  genius  in  the  Arabian  nights,  portending  some- 
thing prodigious  ;  by-and-by  the  black  prow  of  a  huge  steamboat  dashes  round 
the  point  of  some  green  island  in  the  beautiful  harbor. 


what  these  doubts  and  fears  i 


ally. 


(  It  is  notvery  easy  to  perceive  « 

e  titai  voyage  of  the  Sirius  was  destin  do       n 
(  fears  of  the  possihility  of  a  steamer  be  ng  a 
J  Lardner  can  hardly  be  conceived  Co  ha        n     ta  n  d    h 

e  small  reason  among  many  others      h    p        g 

)  been  accomplished  by  3  steam-vessel     b         *      y  y 

i  doubts  and  fears  meant  to  have  exclusi 

J  the  undertaking  ?     How  could  the  succ       o    a  y  en     p 

n  be  ascertained  by  a  single  trip  ? 

"  The  British  and  American  Steam  C    np  ny    wh     h 

I  Blackwall  a  ship  thirty-eight  feet  longer  ha  b  y     n  ttly  ) 

us  moreover,  that  next  year  they  mean  to  hdve  boats  hke  this  running  o 

ich  side,  on  the  lat  and  I6th  of  every  month."     This  is  but  one  company,  on 

which  has  not  yet  moved,  we  believe,  for  we  understand  the  Sirius  lo  have  j 

*  whore  is  the  line  which,  fay  sntieipmion,  was  lo  aiiuibilale  the  packet-ships  I 
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sent  out  by  another,  and  the  Great  Western,  it  is  well  known,  belongs  lo 
Bristol.  Glasgow,  too,  will  no  doubt  besiir  herself,  and  above  all,  we  must 
leave  room  for  Liverpool.  The  sole  marvel  is,  thai  Ijiverpool  has  waited  so 
long,  a  secret  only  to  be  explained  by  the  extent  of  interest  there  invested  in 
the  American  liners.  We  see  that  a  company  is  now  started  at  that  port  who 
J  nee  immediate  operations." 

>  us  it  appears  still  more  marvellous  that  the  establishment  of  Atlantic 
Bteam-voyaging  should  have  been  accomplished  by  England  al  all,  when  Araer- 
had,  palpably,  the  greatest  benefit  to  receive  from  the  execution  of  that 
isure.  The  Americans  would,  it  is  alleged,  have  taken  a  share  in  the  At- 
lantic enterprises  had  they  not  built  their  hopes  upon  a  project  which  was  to 
Bend  a  ship  across  the  Adantic  by  the  instigation  of  a  barrel  of  blue  vitriol,  but 
which  failed.  This  circumstance  is,  however,  insufficient  to  account  for  the 
torpidity  of  the  Americans,  where  there  is  anything  expected  to  be  won.  Had 
■xpectation  of  a  profitable  result  been  as  sanguine  in  the  United  Slates  as 
ame  time  i:  was  in  England,  it  is  the  opinion  of  the  best-informed  persons 
we  should  not  have  been  left  to  enjoy  ihe  steam  monopoly  of  the  Atlantic, 
fact  appears  to  be  that  the  Americans  were  better  judges  than  we  were  of 
.mount  of  profit  to  be  realized  by  the  transport  of  passengers  and  light  ar- 
*  of  merchandise  across  the  AUantic,  arising  in  part  from  the  experience 
they  had  had  of  Atlantic  steam- voyaging  before  we  began.  "  Scarce  len 
years  had  elapsed  after  Fulton  first  committed  his  little  pinnace  to  the  waters 
of  the  Hudson,  ere  the  Savannah,  a,  new  steam-vessel  of  300  Ions,  crossed 
from  New  York  to  Liverpool,  and  at  several  subsequent  periods  has  the  voyage 
been  accomplished-  The  reason  why  Atlantic  steam-voyagin'g  has  not  grown 
up  among  the  Americans,  may  be  traced  to  the  conviction  that  the  adventure 
would  not  be  productive  of  that  honey  of  Hyblas,  vulgarly  called  money."* 

The  Quarterly  proceeds:  "What  is  lo  prevent  a  fair  competition  now? 
What  account  is  to  be  made  of  a  curve  or  two  in  a  river  with  steamers  300 
feet  long,  and  a  speed  of  fifteen  miles  an  hour,  as  practical  men,  best  versed  in 
these  matters,  expect  lo  see  in  a  very  few  years  1  And,  indeed,  the  American 
boats  upon  the  Hudson  having  been  running  at  much  more  than  this  rate  for 
years."  We  confess  we  should  like  some  verification  of  all  this  before  we  be- 
lieve il.  Our  readers  may  try  their  penetration  upon  th*  following,  which  ap- 
pears lo  us  mere  childishness  : — 

"  We  were  speaking,  however,  of  the  first  sensation  the  achievement  has 
produced,  and  which  we  venture  to  predict  will,  at  some  future  day,  be  a  mat- 
ter of  no  Utile  historical  curiosity.  The  New  York  editors  seem  scarcely  able 
to  contain  themselves  ;  '  Side  by  side  with  the  old  world  at  last,'  says  one — 
'  Now  then  for  the  coronation,'  cry  half  a  dozen  more — and  then  the  files  of  Eu- 
ropean journals  unrolled !  Fifteen  days  from  Bristol !  &c.,  &c.  A  revolution 
this,  such  as  the  world  rarely  sees,  even  in  our  eventful  age — a  revolution 
thoroughly  overturning  the  old  systems  of  most  of  the  business  world  at  least — 
yet  effecied,  as  it  were,  instantaneously,  and  without  one  drop  of  blood  !  " 
The  following  is  a  magnificeDt  example  of  that  figure  of  speech  usualjy 


"  Some  one  has  predicted,  that  presently,  we  shall  hare  Covent  Garden  mar- 
ket stocked  by  the  other  continent.  As  to  the  flora!  department,  there  may  be 
something  in  it,  for  aught  we  know,  and  indeed  for  some  oftters  too,  for  if  the 
'  liners'  could  bring  lAe  Dake  a  present  of  fresh  venison  from  his  western  ad- 
mirers, we  certainly  get  a  clear  vision  here  of  divers  good  things  to  come. 
We  say  nothing,  however,-  even  of  Yankee  ice  dropped  in  dog-days,  at  sunrise, 
upon  every  door-step  in  London  as  in  Boston — not  one  word.     '  Nil  admirari,' 

"  TlKraglita  on  Sleam  Locomolion.    Weale,  1840. 
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B  repeal,  i 


r  motto  ;  '  keep  cool,'  thai   i 


—dog-days  and  ) 


But,  further ;  "  It  is  only  thirty  years  since  Fulton  ascended  the  Hudson  J 
with  his  boat.     In  1810  there  was  no  such  thing  in  all  England,  and  as  '. 
as  1820  there  were  only  ihiriy-five.     The  most  important  improvements,  also,  i 
have  been  very  recently  introduced,  and  without  particularizing  these,  it  is  suffi- 
cient lo  say  that  the  learned  Dr.  Dionysius  Lardner's  miscalculations  on  this 
subject  of  Atlantic  navigation  has  evidently  been  caused  by  almost  wholly  \ 
overlooking  these  same  improvements,  even  so  far  as  some  years  past  are  c 
cemed  (and  a  year,  in  such  a  progress  as  this  agent  is  making,  is  a  matter  nc 
be  overlooked),  or  regarding  them  too  much  as  mere  speculations,  not  likely,  J 
or  not  yet  fully  proved  to  be  capable  of  great  practical  effects  (as  they  have  eJ-  ■ 
ready  been),  while  as  relates  to  what  may  yet  be  established,  though  now  it  is  ; 
but  experimental ;  or  of  what  may  be  discovered  of  which  nobody  now  dreams, 
the  calculations  in  question  have  apparently  left  no  lee-way  for  the  ingenuity  \ 
of  our  successors,  or  even  onr  contamporaries.     It  was  lakon  for  granted  that  ( 
all  had  been  done  which  could  be  done — that  there  were  no  '  hidden  powers' 
hereafter  to  be  brought  to  bear  upon  steam  navigation,  as  well  as  upon  other  < 
ihin'gs,  and  to  supersede  steam  itself,  altogether.     How  grand  a  mistake  this  } 
was,  we  need  not  say  ;  let  us  beware  of  its  being  made  again." 

In  reference  to  this  statement,  it  is  proper  to  observe  that  Dr.  Lardner's 
duciions  relative  to  the  Atlantic  enterprise  were  formed,  as  we  shall  presently  J 
have  occasion  to  show,  more  in  detail,  from  the  performance  of  the  Medea, 
and   ihal  the   Medea   was   at  that  time   the   most  perfect  existing   steam-ves- 
sel, in  reference  to  the  distance  over  which  she  might  be  propelled  by  a  given 
quantity  of  fuel  per  horse-power. 

In  regard  to  the  omission  of  "  lee-way,"  in  his  computation,  it  is  difficult  to  J 
see  upon  what  grounds  the  admission  of  such  an  element  could  be  justif 
Atlantic  steam- voyaging,  in  the  year  1836,  either  was  or  was  not  beneficially  J 
accomplishable.     The  point  was  evidently  alone  capable  of  being  determined  < 
by  a  comparison  of  the  difficulties  of  the  enterprise  with  the  existing  capabili- 
ties of  steam- voyaging  ;  and  how  were  the  existing  capabilities  of  steam  nav- 
igation to  be  ascertained,  except  by  a  reference  to  the  performances  of  the  best  { 
existing  steam-vesselS?     If  Dr.  Lardncr  did  this,  he  did  all  he  was  called  « 
on  to  do.     He  was  not  called  upon  to  say  that  Atlantic  steam- voyaging  would  \ 
be  profitable  in  1836  because  the  progress  of  improvement  might,  perhaps,  ' 
render  it  so  in  ten  years'  time,  or  in  ten  months'  time.     It  would  have  been  ) 
highly  un philosophical  to  hare  based  computations  upon  circumstances  which  J 
were  not  really  existent.     No  man  can  say,  that  in  any  branch  of  science  or 
art,  all  has  been  done  that  can  be  done  ;  but  it  is  quite  enough  to  adopt  discov- 
eries when  they  have  been  actually  found  out. 

Once  more  :  "  It  cannot  be  doubted,  we  think,  that  the  passage  of  the  Allan-  J 
tic  by  steam  will,  even  in  the  coming  ten  years,  be  brought  to  a  state  of  (so 
Speak)  artislical  luxury  and  perfection  of  which  those  who  have  started  the  e 
tgrprise  themselves  lillie  think."     Alas !  alas !  how  has  this  prediction  been  i 
verified ! 

But  we  cannot  enter  upon  a  subject  so  agonizing  as  the  loss  of  the  Presi- 
dent— the  wounds  are  not  yet  cicatrized,  but  bleed  afresh  at  the  tenderest  touch.  J 
,    The  wait  of  the  \Wdow  and  the  orphan — of  the  affianced  bride,  and  the  chiid- 
father — is  yet  sounding  in  our  ears,  and  memory  rekindles  emotions  which  } 
ily  to  be  assuaged  by  lime  the  comforter.     The  repetition  of  such  c 
"eaven  be  praised  !  unlikely.     And,  oh  !  what  can  be  the  r 
flections  of  those,  if  any  such  there   be,  by   whom  the   one   dire  calamity  has  j 
directly  or  indirectly  superinduced  ?     Can  anything  be  more  repreheii 
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J  bic  than  thai  reckless  precipitation  which  not  merely  sets  at  naught  all  consid- 

s  of  failure  and  ruin,  but  lampers  without  compunction  with  the  lives  of   \ 
J  the  best  and  noblest  of  the  land  I 

a  the  preceding  pages,  adverted  on  several  occasions  to  what  Dr. 
J  Lardner  did  not  say,  we  shall  now  attempt  to  show  the  nature  of  the  opinions 
respecting  the  Atlantic  enterprise  he  reollj/  did  entertain.      We  are,  fortunately,  \ 
in  possession  of  an  authentic  and  well-known  record  upon  this  subject  in    ' 
j  shape  of  an  article  written  by  Dr.  Lardner  for  the  Edinburgh  Review,  and  j 
which  will  be  found  in  the   13Ist  number  (1837)  of  that  publication.     From  j 
I  this  article  we  shall  make  considerable  extracts. 

"  The  imposing  mechanical  phenomena  so  rapidly  and  unexpectedly  devel- 
oped by  the  invention  and  improvement  of  the  locomotive  steam-engine,  and 
5  (IS  application  lo  railways  have,  for  years,  so  engrossed  public  attention,  that  { 
I  other  means  for  facilitating  the  operations  of  commerce  and  expediting  the  s 
f  cial  intercourse  of  distant  masses  of  people,  less  fascinating,  perhaps,  but  n 
j  important,  have  been  comparatively  overlooked.     The  subject  of  water  tran 
!  port  by  steam  has,  from  this  cause,  received  less  than  its  due  share  of  attentio 
'  A  reaction,  however,  appears  to  have  been  recently  produced,  and  we  have  J 
j  now  a  swarm  of  projectors  much  more  largely  supplied  with  zeal  than  knowi- 
J  edge,  who,  not  content  with  advancing  in  the  march  of  improvement  with  that  { 
)  calm  deliberation  and  saSutary  caution  so  necessary  to  insure  a  permanently  J 
t  profitable  issue  for  any  great  undertaking,  would  rush  to  their  ends  without  ( 
\  ever  informing  themselves  of  the  means  at  their   disposal,   and   proceed,  per  i 
j  satlum,  from  a  channel  trip  to  the  circumnavigation  of  the  globe. 
)       "  Within  the  last  year  considerable  public  attention  has  been  directed  to 
I  question  of  the  practicability  and  advantage  of  establishing  a  line  of  steam  J 
)  communication  between  Great  Britain  and  the  United  States,  and  various  ] 
(  jecls  have  been  started  and  companies  formed  for  the  construction  of  vessels  for  i 
}  that  purpose,  several  of  which  are  already  in  a  state  of  forwardness.    At  a  mi 
I  ing  of  the  British  Scientific  Association,  held  at  Bristol  last  September,  on( 
)  the  topics  which  engrossed  a  large  share  of  interest  was  the  question  of  the  i 
(  practicability  of  a  steam-voyage   across  the  Atlantic,  raised  in  the  mechanical  I 
i  section.     The  statement  laid  before  that  section  by  Dr.  Lardner  obtained  such  J 
(  publicity,  at  the  time,  through  the  press,  thai  it  would  bo  superfluous  to  re 
}  pitulate  its  arguments.     The  conclusions,  however,  to  which  he  arrived,  w 
<  briefly  these :    That  in  the  present  stale  of  the  steam-engine,  as  applied  to  I 
)  nautical  purposes,  he  regarded  a  permanent  and  profitable  communication  be-  j 
(  tween  Groat  Britain  and  New  York  by  steam-vessels   making  the  voyage  is  J 
j  ONE  TRIP,  as  in  a  high  degree  improbable  ;  that  since  the  length  of  the  voy-  , 
j  age  exceeds  the  present  limits  of  steam-power,  it  would  be  desirable  to  resolve  ■ 
0  the  shortest  practicable  stages,  and  therefore,  that  the  most  eligible  point  i 
J  of  departure  would  be  the  most  western  shores  of  the  British  Isies,  and  the 
it  point  of  arrival  the  most  eastern  available  port  of  the  western  continent ; 
(  and  diat  under  such  circumstances  the  length  of  the  trip,  though  it  would  come 
)  fully  up  to  the  present  limit  of  this  application  of  steam-power,  would  not  ex- 
;  ceed  it,  and  that  we  might  reasonably  look  for  such  a  degree  of  improvement  j 


a  the  etBciency  of 
nanent  and  profitable." 
Dr.  Lardner  then  go 
ions  that  the   data  wh 
}  performance  of  steam-' 
j  provement  was  alleged 
/  diminishing  the  consumpti 
J  prospects  of  Ailantii 


ngine 


I   would  render  s 


n  enterprise  per- 


on  to  state  that  it  had  been  objected  to  his  conclu- 
3e  they  were  derived  had  been  obtained  from  the  J 
sels  antecedently  to  1834,  whereas  considerable 
have  been  effected  in  steam -machinery,  which,  by  i 
n  of  fuel,  was  considered   lo  have   improved  the  J 
■voyaging.     Of  all  the  vessels   then   existing,  the  J 
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Medea  was  universally  allowed  to  be  the  one  whicTi  was  capable  of  being  pro- 
pelled over  the  greatest  distance  with  a  given  quantity  of  coals  per  horse- 
power; she  was  therefore  the  most  favorable  actual  standard  by  which  pros- 
pects of  the  Atlantic  enterprise  could  be  measured,  and  was  adopted  as  ibe 
basis  of  the  present  inquiry.  Dr.  Lardner  then  proceeds  to  show  that  ibe 
same  conclusion  respecting  the  Atlantic  enterprise,  which  he  had  already  de- 
duced from  the  performances  of  vessels  antecedently  to  1834,  was  also  de- 
ducibie  from  the  performances  of  the  Medea  and  of  other  vessels  between  1834 
and  1837.  ,      , 

The  misconception  which  has  existed  respecting  Dr.  Lardner  a  opinions 
upon  this  subject,  and  which  nothing  short  of  misrepresentation  prepense  was 
sufficient  to  have  created,  renders  it  here  proper  to  repeat  that  the  limits  which 
exist  10  ihe  achievement  of  sieam-power  are  not  imposed  by  any  abstract  im- 
practicability of  performing  steam- voyages  of  any  length  whatever,  but  by  ihe 
I'  impracticability  of  rendering  those  voyages  sufficiently  profilable  to  confer  per- 
manency upon  enterprises  i«  steam  navigation.  The  doctrine  attributed  to 
Dr.  Lardner,  that  a  steam-vessel  (or  any  vessel)  if  only  seaworthy,  was  incapa- 
ble of  proceeding  from  Great  Britain  to  the  coast  of  North  America,  is  so  pal- 
pably absurd,  that  it  scarcely  deserves  to  be  notiad. 

Dr.  Lardner  has  however  offered  the  following  observations  upon  the  subject, 
which  we  extract  from  the  Monthly  Chronicle,  Vol.  II.,  1838: — 

"  A  vessel  having  as  her  cargo  a  couple  of  steam-engines  and  some  hundred 
tone  of  coal,  would  be,  C(Bteris  paribus,  as  capable  of  crossing  the  Atlantic  as  a 
vessel  transporting  the  same  weight  of  any  other  cargo.  A  steam-vessel,  ii  is 
true,  would  labor  under  some  comparative  disadvantage,  owing  to  the  obstruc- 
tion presented  by  her  paddle-wheels  and  the  paddle-boxes  which  cover  them  ; 
still,  however,  it  would  be  preposterous  to  suppose  that  these  impediments 
would  render  impracticable  her  passage  to  New  York.  If,  therefore,  such 
vessel  merely  transported  her  machinery  and  fuel,  without  working  the  one  or 
consuming  the  other,  she  would  still  make  the  passage.  That  a  steam-vessel 
may  be  a  tolerable  good  sailing-vessel,  is  proved  by  the  fact  that  the  steam- 
frigate  Medea,  one  of  the  most  efficient  steamers  in  the  service  of  the  admiralty, 
accompanied  the  fleet  many  thousand  miles  propelled  by  sails,  and  without 
working  her  engines  at  all.  If,  then,  a  steamship,  viewed  merely  as  a  sailing- 
vessel,  freighted  with  engines  and  coals,  can  traverse  the  Atlantic 
tainty,  how  absurd  is  it  to  suppose  that  the  abstract  practicability  of  such  a  ship 
making  the  voyage  to  New  York  with  the  aid  of  her  machinery  ai 
for  a  moment  be  doubted ! 

"  In  fact,  no  doubt  has  been  entertained  or  expressed   as  to   the  practicability 
of  estabHsliiiig   a   communication   between   these  countries  and  New   York,  by  a 
line  of  steam-vessels.     But  a  difference  of  opinion  has   ten  entertained 
what  mode  of  accomplishing   the   object  may  best  insure  certainty,  safely,  regu- 
larity, and  profit,  without  which  last  element  it  ts  presumed  the  other  objects 
hardly  be  secured." 

Eetuming  from  this  digression  to  the  Edinburgh  Review,  we  find  Dr.  I. 
ner  explaining  the  inconveniences  to  which  extended  steam-voyages 
jecl,  arising  from  the  incrustation  of  salt  in  the  boilers,  the  deposili 
■  in  the  flues,  and  other  matters  of  that  natu 
]  sary  more  particularly  to  refer.     He  then  ^ 

"The  several  circumstances  to  which  we  have  adverted,  constitute  difficul- 
I  ties  having  the  general  tendency  to  abridge  the  practical  extent  of  an  ui 
I  rupted  steam-voyage.     There  remains  a  still  more  serious  impediment 

on  of  steam  navigation  inherent  in  the  very  substance  from  which  ilie 
at  present  derives  its  mechanical  power — an  impediment  which  ph  """ 


of  soot  \ 
which  we  consider  it  unneces- 
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a  definite  and  assignable  limit,  beyond  which  it  ia  mechanically  impossible  to 

extend  the  voyage  of  a  steamer  (of  ordinary  construction).     To  form 

mate,  therefore,  of  the  major  limit  of  the  estent  of  a  continuous  steam-voyage, 

J  it  will  be  necessary  that  we  should  examine,  1st,  The  proportion  in  which  the 

j  capacity  of  the  vessel  may  be  distributed  between  the  machinery,  the  fuel,  and 

J  the  objects  of  commercial  transport ;  and  2d,  The  rate  at  which  the  fuel  will 

')e  consnmed  in  propelling  the  vessel  over  a  given  distance,  regard  being  had 

,0  her  tonnage  and  power. 

"  Assuming  that  a  certain  extent  of  the  capacity  of  the  vessel  is  appropriated 

S  lo  the  mechanical  means  of  propelling  her,  thai  portion  will  obviously  be  shared 

\  between  the  machinery  and  the  fuel  by  which  that  machinery  is  moved. 

"  The  proportion  in  which  this  space  should  be  distributed  between  the  ma- 
(  chinery  and  the  fuel  will  vary  according  to  the  length  of  the  voyage.  As  the 
)  fuel  may  be  replaced  at  the  end  of  each  trip,  and  as  it  is  generally  advantageous 
I  to  give  the  vessel  as  powerful  machinery  as  the  extent  of  her  capacity  will 
)  admit,  it  is  obviously  expedient  to  reserve  as  limited  a  space  as  possible  for 
(  the  fuel,  and  to  give  a  proportionably  increased  extent  of  room  to  the  machinery. 
j  In  the  shortest  class  of  voyages,  therefore,  a  smaller  supply  of  fuel  being  auf- 

<  Hcient,  a  larger  space  must  be  appropriated  to  the  machinery,  and  in  proportion 

>  a*  the  length  of  the- voyage  is  increased,  the  quantity  of  space  necessary  for^ 
J  the  fuel  will  be  augmented,  and  that  allotted  to  ^e  machinery  diminished.     To  ' 

>  this  there  must  be  an  evident  hmil,  inasmuch  as  the  space  for  the  machinery 

<  must  be  sufficiently  extensive  to  contain  engines  of  the  power  necessary  to  en- 
S  counter  the  difficulties  of  the  navigation  and  to  insure  an  average  rate  of  ptogreaa 

<  greater  than  that  of  sailing-vessels." 

This  limit,  be  it  observed,  is  onu  of  expediency — not  of  abstract  praettca- 
I  hilily.  To  state  the  maiter  in  Other  words — a  certain  determinate  proportion 
(  must  be  observed  between  the  power  and  tonnage,  else  the  vessel  will  be  in- 
e  of  carrying  coals  enough  for  the  voyage,  or  her  speed  wilt  be  so  de- 
J  fective  as  to  give  her  no  prominent  advantage  over  saUing- vessels.  And  the 
J  adherence  to  this  proportion  involves  the  necessity  of  employing  vessels  of 
5  such  magnitude  as  to  be  of  too  expensive  maintenance  for  the  profit  of  an  or-  - 
J  dinary  trade.  For,  as  in  a  symmetrica!  vessel  the  resistance  increases  nearly 
)  as  the  square  of  the  increment  of  one  dimension,  and  the  capacity  nearly  as 
J  the  cube  of  the  increment  of  the  same  dimension,  so  it  is  in  a  certain  point  only 
n  the  divergence  of  those  series  where  a  result  is  attainable  answerable  to  the 
s  conditions  indispensable  to  Atlantic  steamers.  And  that  point  is  so  high  up  in 
'eSjlhe  resistance  and  capacity  are  both  so  great  as  to  indicate  the  necea- 
J  sity  of  employing  those  leviathan  vessels  whose  voracious  appetite  is  unappeased 
5  by  the  expenditure  of  all  the  proceeds  of  any  merely  commercial  enterprise. 

"  To  arrive  at  a  practical  conclusion  as  to  the  major  limit  of  a  probable 
}  steam-voyage  under  average  circumstances  of  wind  and  water,  it  will  be  ob- 
S  viously  necessary  that  we  should  obtain  some  probable  approximative  estimate 
J  of  the  impulsive  virtue  of  a  given  quantity  of  coals  of  average  quality.     The 
consumption  of  coals,  other  circumstances  being  the  same,  will  be  proportional 
to  the  power  of  the  engine,  and  it  will  therefore  be  sufficient  to  determine  what 
is  the  average  rate  of  hourly  consumption  for  each  horse-power  in  the  ma- 
chinery." 
A  table  of  the  performances  of  a  number  of  different  vessels  between  1834 
)  and  the  date  of  the  Bristol  meeting,  but  which  we  consider  it  unnecessary  to 
\  insert  here,  shows  that  the  locomotive  duty  of  the  Medea  was  greater  than  that 
J  of  any  of  the  rest ;  the  locomotive  duty  as  defined  by  Dr.  Lardner  being  "  the 
i  distance  over  which  a  ton  of  coals  per  horse-power  is  capable  of  propelling  ti 
)  vessel." 

»3 
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Dt,  Lardner  proceeds  :  "  To  enable  us  to  eatabiish  an  analogy  between  iho 
peiformancea  of  these  vessels  and  the  circumstances  under  which  a  steamer 
would  be  placed  in  navigating  the  Atlantic,  it  will  bo  necessary  to  explain 
some  physical  phenomena  attending  that  ocean. 

"  The  general  atmospheric  currents  which  prevail  in  directions  near  and 
parallel  to  the  equator,  from  east  to  west,  called  the  irade-arinds,  would  have  a 
tendency  to  produce  a  derangement  in  the  atmospheric  equilibrium,  if  not  re- 
dressed by  a  contrary  effect  elsewhere.  It  is  known  that  these  rejnarkable 
winds  are  produced  by  the  influence  of  the  solar  heat  upon  the  atmospheric 
belt  included  between  the  tropics,  (.ombined  with  the  diurnal  motion  of  the 
earth  from  west  to  east.  The  heated  air  pressed  upward  by  its  buoyancy  is 
replaced  by  currents  from  either  hemisphere,  which,  carrying  with  them  a  less 
diurnal  motion  than  that  proper  to  the  tropics,  a  relative  atmospherical  motion 
IB  produced  in  a  direction  contrary  to  that  of  the  earth's  rotation.  Hence  a 
nearly  permanent  wind  is  produced  on  each  side  of  the  line  from  east  to  west. 
As  these  currents  approach  the  line,  they  gradually  acquire  the  motion  of  the 
surface,  which,  combined  with  their  mutually  couoteracting  effect,  produces 
those  calms  which  prevail  about  the  line,  and  which  are  only  interrupted  by 
the  hurricanes,  whirlwinds,  and  other  violent  atmospheric  commotions,  which 
are  produced  where  the  contrary  tropical  currents  conflict  before  their  forceais 
sufGcientty  moderated. 

"  The  stagnant  atmosphere  thus  collected  at  the  line,  ascending  by  the 
effect  of  solar  heat  returns  from  the  upper  regions  toward  the  poles,  and  coming 
upon  the  surface  in  either  hemisphere,  brings  with  it  the  diurnal  motion  of  the 
equator,  which  being  greater  than  that  of  the  higher  latitudes,  prevailing  winds 
are  produced  from  the  west.  The^agency  of  these  causes  is  manifested  in  the 
westerly  winds  which  prevail  almost  uniformly  throughout  the  Atlantic  be- 
tween the  shores  of  Europe  and  those  of  North  America.  There  are  other 
physical  causes  which  mingle  their  effects  with  those  to  which  we  have  just 
adverted.  The  extensive  regions  of  North  America  covered  with  immense 
fresh-water  lakes  and  primeval  forests  supply  a  current  of  cold  air  rushing  into 
the  warmer  strata  over  the  track  of  ocean  between  the  Azores  and  the  Ameri- 
can coast.  This  current  from  the  northwest  consequently  modifies  the  reac- 
tion of  the  trades,  just  explained  ;  the  result  is  wind  blowing  generally  in  the 
westerly  direction,  but  varying  between  northwest  and  southwest,  and  sweep- 
ing across  the  face  of  the  Atlantic  throughout  nearly  the  whole  year. 

"Atmospheric  difficulties  are  not  the  only  ones  which  the  navigator  has  to 
encounter  who  crosses  this  extensive  tract  of  water.  The  well  known  Gulf- 
slream  is  a  great  ocean-current  issuing  from  the  channel  which  separates 
Florida  from  the  Bahama  banks,  taking  first  a  direction  little  to  the  east  of 
north,  and  becoming  more  and  more  westerly,  until  it  approaches  within  a 
■  short  distance  of  the  tail  of  the  great  bank  of  Newfoundland,  where  it  sets  in 
,  due  east  to  the  Azores.  The  width  of  this  current,  at  first  one  degree,  grad- 
.  ually  increases  until  it  exceeds  two  degrees.  Independently  of  the  difKcuUy 
presented  by  the  stream  itself,  the  zone  of  the  ocean  marked  out  by  it  is  charac- 
terized by  weather  so  extremely  unfavorable  to  navigation,  that  it  is  cautiously 
avoided  by  all  ontward-bound  vessels.  They  invariably  either  take  a  course 
so  far  north  as  to  be  clear  of  its  influence  until  they  approach  the  western 
shores,  where,  by  (ailing  a  southerly  direction,  they  convert  the  westerly  winds 
into  favorable  gales ;  or  on  the  other  hand,  proceed  first  southward  till  they  get 
beyond  Ihe  lower  limits  of  the  Gulf-stream,  and  taking  advantages  of  the  trades, 
.  make  the  western,  coast.  This  latter,  however,  is  a  route  never  adopted  by 
Ae  best  class  of  New  York  packets  except  they  are  reduced  to  a  disabled 
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"  The  westerly  winds  which  we  have  described  as  prevalent  across  the  At-  J 
lantic,  are  accompanied  by  a  heavy  sea,  which  is  subject  lo  scarcely  any  subsi-  ( 
dence  or  intermission.  In  land-locked  seas,  such  as  the  Mediterranean,  and  I 
the  channels  which  intersect  contiguous  islands,  the  effect  of  the  wind  in  rats-  f 
ing  the  waters  is  rapid,  and  produces  a  short  and  chopping  sea  highly  unfavor-  J 
able  lo  steamers  ;  but  these  effects  speedily  subside,  and,  in  the  Mediterranean  j 
especially,  ihey  produce  but  a  slight  influence  upon  the  average  rale  of  vessels  j 
when  that  average  is  computed  from  long-continued  performances.  On  the  / 
other  hand,  the  long  swell  of  the  Atlantic  is  not  so  unfavorable  during  it 
eration,  hut  its  effects  are  incessant,  and  considerably  more  disadvanta{,_ 
a  steamer  will  be  produced  by  its  continuance  ihan  any  which  the  occasional  J 
roughness  of  the  more  contracted  seas  to  which  we  have  referred  could  gfre 

It  is  right  lo  observe  that  a  "  short  chopping  sea"  is  a  relative  term  having 
reference  not  merely  to  the  nature  of  the  waves,  but  the  size  of  the  vessel. 
That  which  is  a  long  swell  to  a  row-boat  is  a  short  unfavorable  sea  to  a  small 
vessel,  and  that  which  is  a  long  swell  to  a  small  steamer,  or  even  to  a  steamer 
of  500  or  600- tons,  may  be  a  short  chopping  sea  to  one  of  2,000  tons.  The 
swell  of  the  Atlantic,  thq|efore,  may  be  of  as  prejudicial  a  quality  lo  the  large 
Atlantic  steamers  as  that  of  the  Mediterranean  and  of  the  channels  is  to  the 
smaller  vessels  navigating  those  waters. 

Another  formidable  objection  to  Atlantic  steam- voyaging  arises  from  the 
overwhelming  force  of  the  Atlantic  storms.  The  shock  of  masses  of  water 
roused  into  a  most  violent  commotion  by  the  accumulated  momentum  of  every 
wave  in  the  whole  three  thousand  miles  of  foaming  waters  is  nearly  irresisti- 
ble, and  is  productive  of  the  most  injurious  effects  to  vessels  of  large  dimen- 
sions impelled  by  immense  steam-power.  We  ourselves  happened  to  see  the 
Liverpool  in  dock  after  an  exposure  to  one  of  these  Atlantic  storms,  and  she 
was  really  little  betier  than  a  wreck.  The  straining  she  had  undergone  was 
inconceivable ;  the  seams  of  the  deck  had  opened  greatly,  a  great  part  of  the 
copper  had  been  detached  from  the  bottom  of  the  vessel,  in  consequence  of  the 
irregular  movement  of  the  planking  to  which  it  had  been  nailed,  and  the  oakum 
hung  out  of  many  of  the  seams  in  the  exterior  of  the  vessel,  even  below  the 
water  line,  from  which  the  great  straining  had  displaced  it.  The  "  British 
Queen"  it  is  well  known  has  been  similarly  injured  upon  more  than  one  occa- 
sion, and  the  frames  of  the  engines  of  the  Groat  Western  have  been  all  broken 
by  the  working  of  the  ship.  The  wear  and  tear  arising  from  this  source  is  in- 
finitely more  to  a  long,  large  steamer,  than  to  a  compact,  well-huili  ship  ;  and 
the  danger  resulting  from  the  same  cause  is  most  irresistible.  The  icebergs 
which  are  not  unfrequent  in  the  latitude  of  J^ewfoundland  are  another  source  of 
danger,  and  the  dense  fogs  met  with  in  the  same  regions  are  highly  unfavorable 
to  steam  navigation  ;  while  the  consequences  of  fire,  a.  by  no  means  uncommon 
visitation  in  steam- vessels,  in  the  midst  of  the  Atlantic,  are  appalling  to  contem- 
plate. Several  of  these  obstacles  are  manifestly  irremovable,  and  are,  therefore, 
only  capable  of  being  regarded  as  neutralizing  to  a  certain  extent,  the  benefit,  if 
any,  of  the  scheme.  But  others,  and  those  the  most  formidable,  are  suscepti- 
ble of  diminution  by  the  diiision  of  the  voyage  into  suitable  stages. 

"  Seeing,  then,  the  unfavorable  aspect  under  which  the  project  of  establish- 
ing an  unimerrupted  line  of  steam  navigation  between  Great  Britain  and  New 
York  presents  itself,  let  us  consider  whether  by  resolving  the  voyage  into  the 
shortest  possible  stages,  the  enterprise  may  be  brought  under  more  promising 
conditions.  For  (his  purpose  it  is  obvious  lh:il  the  most  western  coast  of  ihe 
British  Isles  should  be  taken  as  the  point  of  final  departure.  The  west  coast 
of  Ireland  would,  therefore,  be  naturally  selected,  fringed  as  it  is  by 
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spacious  and  well-sheltered,  harbors.  St.  Johns,  Newfoundland,  is  the  most 
western  port ;  but  this  harbor  is  attended  with  so  many  nautical  difficulties  that 
}  it  could  scarcely  be  regarded  as  accessible  with  that  certainty  which  such  a 
)  liue  of  communication  would  require  Newfoundland  presents  an  iron-bound 
nd  even  Nova  Scotia  should  be  avoided  «  ere  it  possil  le  to  extend  the 
:  but  the  distance  from  the  west  coast  of  Ireland  to  Halifax  comes  up 
:treme  limit  of  a  {profitably)  practicable  steam  passage  Me  greatly 
J  fear  thai  any  attempt  to  supersede  ike  neceisily  of  mail  g  Halifax  a  stage  must 
\  prove  ABORTIVE ;"  that  is  to  aay  if  commercial  sA\  aniage  be  considered  and  if 
5  the  project  be  not  regarded  as  a  mere  mechanical  experiment 
J  In  conclusion,  Dr.  Lardner  obsenes  Let  us  however  not  be  misunder 
J  sCtiod,  That  the  passage  from  Liverpool  to  New  York  cannot  be  made  m  ote 
jy  a  steamship,  we  do  not  maintain  But  he  declares  h  s  conviction 
as  a  permanent,  practiol  profitahh  thing  Atlantic  steam  jvaimg  will 
nd  cannot  be,  in  the  present  state  of  the  arts  successful  unsupported  bv 
:  extrinsic  aid  from  government  And  this  conclusion  he  is  content  to 
',  notwithstanding  its  unpopularity 

.XI  confessing  then,  as  we  do  after  the  most  careful  and  an  anxious  in 
\  quiry  respecting  this  interest  ng  question  our  fears  oj^he  result  of  such  a  i  en 
J  terprise  greatly  preponderate  over  our  hopes  we  are  sensible  of  exprussing  an 
(  unpopular  opinion.  It  is  the  natural  and  fortunate  tendency  ol  the  hu  i  an  n  ind 
)  anticipate  success,  and  we  ourselvei  shared  this  feeling  when  we  co  n 
?  menced  the  present  investigation — we  were  whollj  ui  aware  to  what  po  nt 
)  results  since  ascertained  would  lead  us 

We  shall  offer  no  further  remarks  respecting  Dr    Lardner  s  statements 

J  which  are  well  able  to  speak  for  themselves  but  shall  at  once  proceed  to  the 

<  second  part  of  our  subject,  viz    the  determination  of  the  present  co  dition  of 

'  e  enterprises  for  maintaining  a  steam  communication  between  Great  Brit 

n  and  New  York.     This  may  perhaps  best  be  shown  by  an  enumeration  of 

e  several  vessels  which  have  been  employed  upon  that  line  ai  d  the  mode  of 

their  respective  disposition 

Sirius w  thdmwQ 

Royal  William v  ll  drawn 

Great  Liverpool transfecrpd  >  Now  maintain  ng  steam  communi 

United  States  (now  Oriental)  transferred  J  cat  on  with  India  v  a  the  Bed  sea 

British  Queen sold 

President lost 

Great  Western for  sale  )  q  ,,,„._ 

/-.      1  •         ^  -.      ,    ,  I  Mid  10  be 

Great  iron  steamer nnfini'jhed  i 

The  Halifax  line,  which  carries  out  Dr  Lardner  s  recommend-itions  to  a 
lertain  extent,  alone  thrives  yet  it  has  been  questioned  if  even  it  could  con 
tinue  to  keep  the  field  without  the  aid  it  derives  from  the  convevance  ot  the 
!  mails,  unless  it  were  to  make  the  western  coast  of  Ireland  the  point  of  Imal 
'  departure.  The  question  might  be  worth  considenng  by  the  proprietors  of  the 
Halifax  packets,  as  well  as  by  the  West  India  Mail  Packet  Company,  whether 
»t  be  greatly  to  their  advantage  if  all  of  their  vessels  were  to  make 
1  coast  of  Ireland  their  point  of  arrival  and  departure.  But  should  the 
■  managers  of  those  companies  think  different!)',  should  the  shareholders  resolve, 
'n  spile  of  common  sense  and  Dr.  Lardner,  to  throw  thousands  upon  thousands 
of  pounds  sterling  into  the  gulf  of  direct  communication,  they  are  quite  wel- 
ome,  for  aught  we  care,  to  continue  to  indulge  so  reasonable  a  predilection. 

There  is  one  circumstance  connected  with  the  preceding  table  of  the 
er  in  which  the  vessels  are  employed  in  the  Atlantic  enterprise,  which  afford: 
n  example  so  striking  of  the  coincidences  between  the  deductions  of  phili 
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phy  and  the  results  of  experience,  that,  although  it  has  no  immediate  reference  ) 
to  the  present  subject,  we  cannot  permit  this  opportunity  to  pass  without  sa 
ing  a  word  respecting  it.     Dr.  Lardner,  it  is  well  known,  did  not  confine  li 
inquiries  to  Atlantic  steam-voyaging ;  he  also  discussed  the  merits  of  steam  J 
communication  with  India,  ria  the  Red  sea  ;  and  it  may  be  satisfactory  collat- 
erally, to  ascertain  what  his  opinions  were  respecting  that  line  of  intercommu- 
nication.    We  shall  find  those  opinions  stated  in  his  letter  to  Lord  Melbourne, 
published  in  1837,  from  which  we  extract  the  following  passage  : — 

"  It  has  been  contended  that  the  question  should  not  be  regarded  as  one  to 
be  determined  merely  upon  a  calculation  of  profit ;  that,  on  the  contrary,  it  is  J 
one  with  which  great  political  and  social  interests  are  interwoven  so  closely,  . 
that  it  ought  to  be  adopted  even  though  ita  entire  cost  should  have  to  be  de-  | 
frayed  by  the  nation.     This  principle  has  been  implicitly  admitted  in  the  reso-  ! 
lution  of  the  select  committee  of  1834,  and  it  has  been  explicitly  avowed  by  4 
the  late  governor-general,  by  several  honorable  members  of  the  legislation  and  \ 
of  your  lordship's  administration.     But  it  is  a  principle  which  I  think  it  unne- 
cessary to  discuss  in  the  present  case,  because  there  is  nu  proposition,  however  i 
self-evident,  which  carries  to  my  mind  a  more  clear  conviction  than  I  have  that  this  J 
measure,  if  ejjicicntly  carried  into  operation,  mil  more  than  return  its  own  ex- 
penses." 

Here  is  an  opinion  diametrically  opposile  to  that  delivered  respecting  Atlan- 
tic Toyaging.     Let  us  inquire  how  far  this  conclusion  is  borne  out  by  expe- 

The  "  Great  Liverpool"  having  in  a  single  season  earned  a  loss  to  her  pro- 
prietors of  six  thousand    sterling,  upon  the  New  York  line,  it  was  determined 
to  withdraw  her,  and,  with  another  new  vessel  built  for  Atlantic  voyaging,  now 
the  Oriental,  to  open  a  communication  with  India,  via  the  Red  sea.     The  pro- 
prietors of  the  British  Queen,  who,  we  have  been  informed,  have  sustained  a 
loss  of  about  sixty  thousand  pounds  in  Atlantic  steam  transit,  became  competi- 
tors with  the  Great  Liverpool  and  Oriental  for  the  Alexandrian  line,  plainly  S 
showing  that  both  of  those,  after  a  vast  expenditu*  of  money,  had  arrivec 
the  very  conclusion  that  Dr.  Lardner  held  three  or  four  years  befwe.     Ha.  _. 
never  occurred  to  the  proprietors  of  those  vessels  that  they  might  have  saved  \ 
about  £100,000  as  well  as  vast  responsibility,  anxiety,  risk,  and  discredit,  if,  at  J 
the  commencementof  the  Atlantic  discussions,  they  had  prevented  their  pas  si 
from  exercising  their  favorite  calling,  that  of  running  away  with  their  reaso 

A  recent  meeting  of  the  proprietary  of  the  Peninsular  and  Oriental  Steam  ] 
Navigation  Company  enables  us  to  state,  that  Oriental  steara-voy aging  has  5 
been  highly  successful ;  and  this  result  has  been  attained  with  the'  same  ves-  J 
sels  and  by  the  same  management  that  were  incapable  of  realizing  anything  S 
but  loss  on  the  New  York  line.  It  is  plain,  from  this  result,  that  the  Atlantic  J 
enterprise  did  not  fail  from  mismanagement,  even  were  we  not  assured  as 
are  that  Mr.  Carleton  and  mismanagement  are  altogether  incompatible.  Can  J 
a  coincidence  such  as  this,  between  prediction  and  reality,  be  merely  for- 
tuitous 1 

Has  the  estabhshment  of  the  several  lines  of  steam  communication  between 
Great  Britain  and  New  York  been  productive  of  a  permanently  profitable  issue  ? 
We  leave  the  verdict  to  our  readers,  our  part  being  merely  to  furnish  such  re- 
marks and  data  as  may  conduce  to  the  attainment  of  a  just  conclusion.  Had  j 
we  set  out  with  a  different  resolution  we  might  perhaps  have  given  it  as 
opinion  Ihat  the  Atlantic  scheme  had  proved  itself  a  signal  failure — that  Dr.  j 
Lardner'a  views  had  been  confirmed  with  singular  exactness — that 

"  Earlh  has  its  bnbblea  aa  the  wiUer  halh, 
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But  we  originally  said,  aa  we  now  repeat,  that  we  do  not  mean  to  divulge  our 
own  opinion. 

One  consummation,  then,  is  devoutly  to  be  wished,  namely,  that  Dt.  Lardner 
will  soon  return  to  this  country  to  resume  the  wand  which,  like  Prospero's, 
none  but  its  master  can  wield.  We  can  see  no  olher  antidote  against  that 
worst  of  Egyptian  plagues,  the  swarms  of  vermin  with  which  the  Irack  of  prac- 
tical philosophy  is  now  overrun.  We  are  death-sick  of  the  reign  of  minute 
philosophers.  If  the  choice-  rested  with  us,  we  would  say,  Give  us  back 
out  wolves  again — restore  the  dominion  of  barbarism — curse  us  with  anything 
but  the  cant  of  philosophical  imposture — the  disgusting  egotism  of  idiotic 
mountebanks.  Dr.  Lardner's  return  lo  England  would  be  the  death-warrant  of 
all  such  quacks,  which  is  of  itself  a  sufficient  reason  to  inspire  the  ardent  de- 
sire that  his  return  will  not  he  much  longer  delayed. 
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The  inTestigation  of  lite  mechanical  phenomena  of  material  substances  has  j 
been,  in  modern  works,  conducted  by  resolving  these  effects  into  two  principal  ) 
divisions ;  those  in  which  the  bodies  exhibiting  them  are  at  rest,  and  those  in  ( 
which  they  are  in  motion.  As  applied  to  solid  bodies,  these  divisions  have  S 
been  respectively  denominated  statics  and  dynamics;*  and,  as  applied  to  J 
fluids,  HYDROSTATICS  and  HVDRODYriAMics.  Electricity  being  assumed  to  be  > 
a  physical  agent,  having  the  properties  of  an  elastic  fluid,  and  capable,  like  ( 
the  grosser  solids  and  fluids,  of  being  mainiained  in  a  stale  of  equilibrium  by  > 
the  mutual  action  and  reaction  of  antagonist  forces,  or  of  moving  in  definite  di-  < 
rections,  and  forming  currents  of  greater  or  less  intensity,  the  analysis  of  its  ) 
effects  would  naturally  be  conducted  by  means  of  the  same  classification;  ( 
and,  accordingly,  that  division  of  the  science  in  which  the  electric  fluid  is  con-  j 
sidered  in  a  state  of  equilibrium  or  repose,  and  in  which  the  physical  conditions  j 
on  which  such  equilibrium  depends  are  investigated,  would  be  denominated  J 
ELECTRO-STATICS,  whilc  that  in  which  the  eflects  of  currents  of  electricity  a 
considered,  would  be  called  electho-dynamics. 

Rest  being  in  its  nature  more  simple  than  motion,  and  the  cases  of  forces  J 
mutually  destructive  of  each  other's  influence,  and  therefore  productive  of  equi-  , 
librium,  being  more  simple  than  those  in  which  motion  ensues  from  the  com-  ; 
bined  action  of  forces  differing  from  each  other  in  various  respects,  it  was  nat-  , 
ural  that,  in  every  part  of  physics,  the  principles  of  statics  should  be  first  es- 
tablished  and  understood.  Such  has  been  accordingly  the  course  which  the  | 
progress  of  discovery  has  taken  in  other  branches  of  natural  philosophy,  and  < 
electricity  is  not  an  exception  to  it.  All  the  phenomena  which  have  been  hith-  ' 
erto  adverted  to'in  this  notice  belong  properly  to  electro -statics.  In  all  of 
thecn  the  electric  fluid  is  contemplated  in  a  state  of  equilibrium ;  or  if  its  mo- 

e  occasionally  considered,  it  is  only  in  sudden  and  momentary  changes  < 
from  one  stale  of  equilibrium  to  another.     Thus,  when  a  Leyden  jar  is  char-  ( 
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ged,  the  posilive  electricity  accumulated  on  the  inner  surface  of  tl 
maintained  there,  in  spite  of  the  tendency  it  has  to  escape  in  virtue 
expansive  property,  by  the  attraction  of  the  negative  electricity  acctimulated  J 
on  the  external  surface.  When  a  communication  ia  made  between  the  inter-  J 
nal  and  external  surfaces  by  a  metallic  wire,  this  state  of  equilibrium  c 
the  posilive  fluid  of  the  inner  surface  runs  along  the  wire  in  one  direction,  and  J 
ihe  negative  fluid  of  the  external  surface  runs  along  it  in  the  other  direction,  ' 
until  each  neutralizes  the  other,  and  a  new  state  of  equilibrium  is  established  | 
by  the  actual  combination  of  the  two  fluids.  If  this  change  occupied  a  sensi-  > 
ble  interval  of  time,  and  it  were  required  to  investigate  the  effects  which  would  J 
be  produced  during  that  interval  either  on  the  jar  and  wire,  or  on  any  hodie: 
which  might  be  within  their  influence,  the  question  would  properly  belong  t( 
ELECTRO-nv^fAMICs;  but  in  fact  the  discharge,  as  it  is  called,  or  the  transition  ] 
from  the  one  state  of  equilibrium  to  the  other,  is  instantaneous,  and  the  a 
may  be  said  of  all  the  phenomena  which  form  the  subject  of  the  preceding  j 
pages. 

In  the  commencement  of  this  notice,  the  frequent  influence  of  circumstances,  • 
apparently  fortuitous,  on  the  progress  of  discovery  in  the  sciences,  has  been  S 
mentioned.     It  would  be  difficult,  either  in  the  history  of  the  sciences  or  of  the  J 
political  growth  of  slates,  to  find  a  more  signal  example  of  this  than  was  offered  ) 
by  the  discovery  of  that  powerful  instrument  of  physical  investigation,  the  J 
VOLTAIC  PILE.     "  It  may  be  proved,"  says  M.  Arago,  "  that  this  immortal  dis 
covery  arose  in  the  most  immediate  and  direct  manner  from  a  slight  cold  witl 
which  a  Bolognese  lady  was  attacked  in  1790,  for  which  her  physician  pre^ 
scribed  the  use  of  frog-broth." 

Galvani  was  professor  of  anatomy  at  Bologna.     At  the  period  just  mentioned,  1 
it  happened  that  several  frogs,  divested  of  their  skins,  and  prepared  for  cook-  ' 
ing  the  broth  prescribed  for  Madame  Galvani,  lay  upon  a  table  in  the  laboratory  S 
of  the  professor,  near  which  at  the  moment  stood  an  electrical  machine.     One  } 
of  the  professor's  assistants,  being  employed  in  some  process  in  which  the  ma- 
chine was  necessary,  took  sparks  occasionally  from  the  conductor,  when  Mad- 
ame Galiani  was  astonished  to  see  the  limbs  of  the  dead  frogs  convulsed  with 
movements  resembling  vital  action.     She  called  the  attention  of  her  husband  j 
to  the  fact,  who  repeated  the  esperiment,  and  found  the  motions  reproduc 
often  as  a  spark  was  taken  from  the  conductor.     This  was  the  first,  but  U' 
only  or  chief  part  piayed  by  chance  in  this  great  discovery. 

Galvani  was  not  familiar  with  electricity.  Had  he  been  so,  he  would  have  { 
seen  in  the  convulsions  of  the  frog  evidence  of  nothing  more  than  a  high  elec- 
troscopic  sensibility  in  the  nerves  of  that  animal,  and  an  interesting  example  J 
of  the  known  principle  of  electriealindactian.  But  luckily  for  the  progress  " 
,  science,  he  was  more  an  anatomist  than  an  electrician,  and  beheld  with  se 
;  menta  of  unmixed  wonder  the  manifestation  of  what  he  believed  to  be  a  new  \ 
principle  in  the  animal  economy,  and,  fired  with  the  notion  of  bringing  to  light  j 
the  proximate  Cause  of  vitality,  engaged  with  ardent  enthusiasm  in  a  course  of  j 
expenntents  on  the  effects  of  electricity  on  the  animal  system.  It  is  rarely  J 
that  an  example  is  found  of  the  progress  of  science  being  favored  by  the  igno-  ) 
ranee  of  its  professors. 

Chance  rtavr  again  came  upon  the  stage.     In  the  course  of  his  researches  he 
had  occasion  to  separate  the  legs,  thighs,  and  lower  part  of  the  body  of  the 
J  frog  from  the  remainder,  so  as  to  lay  bare  the  lumbar  nerves.     Having  the  ) 
I  members  of  several  frogs  thus  dissected,  he  passed  copper  hooks  through  part  j 
J  of  the  dorsal  column  which  remained  above  the  junction  of  the  thighs,  for  the  ( 
j  convenience  of  hanging  them  up  till  they  might  be  required  for  the  purposes 
)  experiment.     In  this  manner  he  happened  to  suspend  several  upon  the  iron  \ 


y  Google 


GALVANISM.  363  | 

balcony  in  front  of  his  laboratory,  when,  to  his  inexpressible  astonisbment,  the  ; 
limbs  were  thrown  into  strong  convulsions.  No  electrical  machine  was  now 
present  to  exert  any  influence. 

If  the  supply  of  capital  facts  be  occasionally  due  to  chance,  or  to  the  Being 
by  whom  what  is  miscalled  chance  is  directed,  it  is  to  the  operation  of  the  fac- 
ulties of  exalted  minds  that  the  development  of  the  laws  of  nature  is  due  :  if 
rude  lumps  of  the  natural  ore  of  science  be  now  and  then  thrown  under  the  feet 
of  philosophy,  the  discovery  of  the  vein  itself,  its  depth  and  direction,  its  qual- 
ity and  value,  the  separation  of  the  precious  metal  it  contains  from  its  baser 
elements,  the  demonstration  of  its  connexion  with  the  phenomena  of  nature, 
and  its  adaptation  to  the  uses  of  life,  are  all  and  severally  the  work  of  that 
noble  faculty  of  intellect,  that  image  of  his  own  essence,  which  the  Creator 
of  the  universe  has  impressed  upon  man,  and  which  is  never  more  worthily 
exercised  than  in  the  investigation  of  those  laws  of  the  material  world,  in  all 
of  which,  whether  they  affect  the  vast  bodies  of  the  universe,  or  the  imper- 
ceptible molecules  of  those  around  us,  there  is  ever  conspicuous  a  provident 
care  for  the  wellbeing  of  his  creatures. 

In  the  convulsions  of  the  frog,  suspended  by  a  copper  wire  on  an  iron  rail, 
Galvani  saw  a  new  fact,  and  soon  discovered  that  the  circumstance  on  which  it 
depended  was  the  simultaneous  contact  of  the  metals  with  the  nerves  and  mus- 
cles of  the  animal.  He  found  that  the  effects  were  reproduced  whenever  the 
muscles  touched  the  iron  while  the  nerves  touched  the  copper,  but  that  contact 
wilh  the  copper  alone  did  not  produce  them.  He  next  placed  the  body  of  the 
animal  upon  a  plate  of  iron,  and  touching  the  plate  with  one  end  of  a  copper 
wire,  brought  the  other  end  into  contact  with  the  lumbar  nerves.  The  convul- 
sions followed  as  before.  Galvani  inferred  from  these  and  other  similar  exper- 
iments and  observations,  that  the  conditions  under  which  the  phenomenon  was 
produced  were,  that  a  connexion  should  be  made  between  the  nerves  of  the 
animal  and  the  muscles  with  which  those  nerves  were  united  by  a  continued 
line  or  circuit  composed  of  two  different  metals  ;  and  he  explained  this  singu- 
lar effect  by  assuming,  hypothetically,  that,  in  the  animal  economy,  there  exists 
a  natural  source  of  electricity ;  that,  at  the  junction  of  the  nerves  and  muscles, 
the  natural  electricity  is  decomposed ;  that  the  positive  fluid  goes  to  the  nerve, 
I  and  the  negative  to  the  muscle  ;  that  the  nerve  and  muscle  are  therefore  anal- 
I  ogous  to  the  internal  and  external  coating  of  a  charged  Leyden  jar ;  that  the 
;  metallic  connexion  made  between  the  nerve  and  the  muscle  in  the  expeninents 
above-mentioned  serves  as  a  conductor  between  these  opposite  electricities ; 
and  that,  on  making  the  connexion,  the  same  discharge  takes  place  as  in  the 
Leyden  experiment. 

This  theory  fascinated  for  a  time  the  physiologists.  The  phenomena  of  animal 
life  had  been  ascribed  to  an  hypothetical  agent,  which  passed  under  the  name  of 
the  "  nervous  fluid."  The  Galvanic  theory  consigned  this  term  to  the  obsolete  list; 
and  electricity  was  now  the  great  vital  principle,  by  which  the  decrees  of  the 
understanding,  and  the  dictates  of  the  will,  were  conveyed  from  the  organs  of 
the  brain  to  the  obedient  members  of  the  body.  Those  who  know  how  pas- 
sionate is  the  love  of  a  theory  which  appears  to  give  a  satisfactory  account  of 
effects  otherwise  mysterious,  and  how  much  more  gratifying  to  the  amour- 
propre  it  is  to  be  able  to  connect  eflTects  with  supposed  causes,  than  to  be 
compelled  10  view  the  former  as  the  real  limits  of  our  knowledge,  will  under- 
stand the  reluctance  with  which  the  Bolognese  school  and  its  distinguished 
leader  would  surrender  a  theory  so  dazzling  as  animal  electricity ;  nevertheless 
it  was  doomed  soon  to  fall  under  the  irresist  ole  assaults  of  physical  truth  di- 
rected against  it  by  a  giant  intellect,  which,  though  located  in  a  little  village  of 
the  Milanese,  belonged  to  mankind. 
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Volla,  professor  of  natural  philosophy  at  Como,  and  auhsequently  at  Pavia,  J 

(  had  been  already  known  for  his  researches  in  different  parts  of  physi 

e  especially  in  electricity.     The  Bolognese  experiments  naturally  ei 

attention,  and  ii  was  not  long  before  his  superior  sagacity  enabled  him  to  ? 

i  perceive  that  the  theory  of  Galvani  was  destitute  of  any  sound  foundation.  ! 

5  indeed,  a  single  experiment  was  sufficient  to  overturn  it,  though  not  to  carry  j 

:onviction  of  its  futility  to  the  minds  of  its  partisans.     Volta  applied  the  met- 

lIs  in  contact  with  each  other  to  the  muscle  alone,  without  touching  the  nerves, 

md  the  convulsions  nevertheless  ensued.     The  analogy  of  the  muscle  and  S 

nerve  to  the  Leyden  phial  was  no  longer  tenable.     Volta  transferred  this  anal-  I 

{  ogy  to  the  two  metals,  and  contended  that  the  mutual  contact  of  two  dissimilar  } 

/  metals  must  be  regarded  as  the  source  of  the  electricity ;  that  by  the  ci 

J  the  natural  electricity  was  decomposed,  and  the  positive  fluid  passed  t 

J  metal,  and  the  negative  one  to  the  other;  and  that  the  muscle  merely  played  f 

»  the  part  of  a  conductor  in  carrying  off  one  of  the  fluids  thus  developed. 

To  this  Galvani  replied  by  showing  that,  when  a  single  metal  was  us. 

:t  the  nerves  and  muscles  the  convulsions  ensued,  and  that  therefore  the  J 

:t  of  dissimilar  metals  could  not  be  the  source  of  the  electricity.     Volta  j 

S  rejoined,  that  it  was  impossible  to  be  assured  of  the  perfect  homogeneity  of  the  j 

'      '  '    terogeneous  matter  contained  in  ' 

i  single  metal  v 


Also,  that  « 


it  would  be  ( 
IS  used,  the 
ccept  in  cases  where  the  I 
e  of  excitability ;  whereas,  on  the  contrary,  they  J 
e  long  continued,  when  the  connexion  was  made  j 


{  metal,  and  that  any  the  1 

J  sufficient  for  his  hypothea 

{  convulsions  were  uncerlaii 

S  organs  were  in  the  highest 

(  happened  invariably,  and  v 

j  by  two  dissimilar  metals. 

j       Tenacious  of  this  cherished  theory  to  the  last.  Doctor  Valli,  a  partisi 

?  Galvani,  confounded  the  advocates  of  the  school  of  Pavia,  by  showing  that,  by  i 

(  merely  bringing  the  muscles  themselves  into  contact  with  the  nerves,  without  ( 

}  the  intervenlion  of  any  metal  whatever,  the  convulsions  ensued.     To  this — the  j 

<  expiring  effort  of  the  Bolognese  party — Volta  readily  and  triumphantly  replied, 

S  that  the  success  of  the  experiments  of  Valli  required  two  conditions  :  first,  that  J 

(  the  parts  of  the  animal  brought  into  contact  should  be  as  heterogeneous  a 

)  sible ;  and,  secondly,  the  interposition  of  a  third  substance  between  these  } 

<  organs.  This,  so  far  from  overturning  the  theory  of  Volta,  only  g 
}  creased  generality,  showing,  as  it  did,  that  electricity  was  developed,  not  alone  ) 
(  by  the  contact  of  two  dissimilar  melals,  but  also  by  the  contact  of  dissiniilar  ( 
J  substances  not  metallic. 

From  this  time,  the  partisans  of  animal  electricity  gradually  diminished,  and 
10  effort  worth  recording  lo  revive  Galvani's  theory  was  made.     Meanwhile, 
J  the  hypothesis  of  Volta  was,  as  yet,  regarded  only  as  the  conjecture  of  a  pow- 
j  erful  and  sagacious  mind,  requiring  nevertheless  much  more  cogent  and  direct  i 
(  experimental  verification.     This  experimental  proof  he  soon  supplied.  j 

S  The  tirst  analogy  which  Volta  produced  in  support  of  his  theory  of  contact  ) 
(  was  derived  from  the  well-known  experiment  of  Sulzer,  If  two  pieces  of  dis-  C 
S  similar  metal,  such  as  lead  and  silver,  be  placed  one  above  and  the  other  below  i 
i  the  tongue,  no  particular  effect  will  be  perceived  so  long  as  they  a 
j  contact  with  each  other ;  but  if  their  outer  edges  be  brought  to  touch  each  J 

<  other,  a  peculiar  taste  will  be  felt.     If  the  metals  be  applied  in  one  order,  the  ( 
e  will  be  acidulous ;  if  the  order  be  inverted,  it  will  be  alkaline.     Now,  if  the 

I  tongue  be  applied  Co  the  conductor  of  a  common  electrical  machine,  an  acidu- 
!  lous  or  alkaline  taste  will  be  pe  -xjeived,  according  as  the  conductor  is  electri- 
J  fied  positively  or  negatively.     \  olta  contended,  therefore,  that  the  identity  of  j 
ause  should  be  inferred  from  the  identity  of  the  effects  ;  that,  as  positive  > 
j  electricity  produced  an  acid  savor,  and  negative  electricity  an  alkalin 
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conductor  of  the  machine,  the  same  effects  on  the  organs  of  ts 
the  metals  ought  lo  be  ascribed  to  the  same  cause. 

However  sufficient  this  analogy  might  seem  to  the  understanding  of  Volta, 
it  was  insufficient  for  the  rigid  canons  of  the  logic  of  modem  physics,  and  he  } 
accordingly  sought  and  obtained  more  direct  and  unequivocal  proof  of  his  hy- 
pothesis.    Two  disks,  one  of  copper  and  the  other  of  zinc,  were  attached  to  ( 
insulating  handles,  by  means  of  which  they  were  carefully  brought  into  con- 
tact, and  suddenly  separated  without  friction.     They  were  then  presented  sev- 
erally to  a  powerful  condensing  electroscope.     The  nsual  indications  of  elec- 
tricity were  obtained,  and  it  was  shown  thai  this  electricity  was  positive  on  the 
zinc,  and  negative  on  the  copper.     By  repeating  the  contact,  and  collecting  . 
the  electricity  by  means  of  the  condenser,  sparks  were  produced,  and  the  dem-  | 
onstralion  was  complete. 

That  the  contact  of  dissimilar  metals  was  followed  by  the  evolution  of  elec-  ^ 
tricity,  could    therefore  no  longer  be  doubted.     It  will,  however,  hereafter  \ 
appear  that  philosophers  are  not  even  yet  agreed  that  the  contact  is  the  im 
diate  or  the  only  cause  of  the  disengagement  of  electricity  in  such  ca 
Chemical  agency  is  now  known  to  be  one  of  the  sources  of  electricity  ;  and  its  j 
operation  is  so  subtle,  often  so  imperceptible,  and  generally  so  inevitable,  whet 
heterogeneous  molecules  come  into  contact,  that  doubts  have  been  entertained  J 
whether,  in  every  case  where  electricity  seems  to  proceed  from  contact,  it  has 
not  really  its  origin  in  feeble  and  imperceptible  chemical  action. 

Although  the  complete  development  of  this  last-mentioned  idea  belongs  to  a 
much  more  recent  epoch  in  the  progress  of  electrical  discovery,  yet  the  chemi- 
cal origin  of  electricity  did  not  altogether  escape  notice  even  at  the  period  to 
which  we  now  refer.  ^         / 

Of  the  numerous  philosophers  in  every  part  of  Europe  who  took  part  in  the  I 
discussions,  and  varied  and  repealed  the  esperiments  connected  with  these  J 
questions,  one  of  those  to  whom  attention  is  more  especially  due  was  Fabroni,  ■ 
who,  in  the  year  1792*  two  years  after  the  discovery  of  Galvani,  communi-  J 
cated  his  researches  to  the  Florentine  Academy.  In  this  paper  is  found  the  5 
first  suggestion  of  the  chemical  origin  of  Galvanic  electricity. 

Fabroni  observes  that  in  the  mutual  contact  of  heterogeneous  metals  there  J 
is  a  reciprocal  action  which  favors  chemical  change  ;  that  to  this  action  must  , 
be  ascribed  many  well-known  phenomena,  such  as  the  more  rapid  oxydation  ■ 
of  certain  metals  when  combined,  or  in  mere  contact  with  other  metak.  Ac-  ] 
cording  to  him,  a  metal,  like  all  chemical  reagents,  has  a  tendency  to  combina-  ' 
lion  with  another  metal  when  they  are  brought  into  contact ;  that  this  effect  is  '. 
only  prevented  by  the  superior  force  of  cohesion  which  prevails  among  the  < 
particles  of  each.  This  cohesive  force  will,  however,  be  lessened  in  its  en-  > 
ergy  by  the  antagonism  of  the  attraction  of  the  molecules  of  the  two  metals  J 
toward  each  other,  just  in  the  same  manner  as  it  would  be  lessened  by  the  J 
action  of  heat.  Being  thus  lessened,  its  opposition  lo  the  tendency  which  the  J 
particles  of  either  metal  have  to  combine  with  oxygen,  taken  either  from  the  ) 
atmosphere,  or  obtained  from  the  decomposition  of  water,  would  be  proportion- 
ally diminished,  and  such  oxydation  would  accordingly  be  promoted.  In  this  \ 
way  Fabroni  accounted  for  the  tendency  of  certain  alloys  of  metal  to  oxydaf  , 
and  for  the  well-known  fact  that  iron  nails,  then  used  in  attaching  the  copper  > 
sheathing  to  vessels,  were  rendered  so  liable  to  rust  by  their  contact  with  the  J 
copper,  that  they  became  soon  too  small  for  the  holes  in  which  they  v 
serled.  He  supposed,  therefore,  that  in  the  experiments  of  Galvani  and  Volta,  < 
in  which  the  convulsipns  of  the  limbs  of  animals  were  produced,  a  chemical  \ 
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jhange  was  made  by  the  contact  of  one  of  theae  metals  with  the  liquid  matter 
always  found  on  the  parts  of  the  animal  body ;  and  that  ihe  immediate  cause 
of  the  convulsions  was  not,  as  supposed  by  Galvani,  due  lo  animal  electricity, 
nor,  as  assumed  by  Volta,  to  a  current  of  electricity  emanating  from  the  sur- 
face of  contact  of  the  two  metals,  but  to  the  decomposition  nf  the  fluid  upon 
the  animal  substance,  and  the  transition  of  oxygen  from  a  state  of  combination 
with  it  to  combination  with  the  metal.  The  electricity  produced  in  the  experi- 
ments Fabroni  ascribed  entirely  to  the  chemical  changes,  it  being  then  known 
that  chemical  processes  were  generally  attended  with  sensible  signs  of  elec- 
tricity. He  maintained  that  the  convulsions  were  chiefly  due  lo  the  chemical 
changes,  and  not  to  the  electricity  incidental  to  them,  which,  if  it  operated  a' 
all,  he  considered  to  do  so  in  a  secondary  way. 

The  necessary  limits  of  this  notice  will  not  allow  of  a  further  analysis  of  thi 
researches  of  this  philosopher  ;  but  if  his  original  papers  be  refened  to,  it  will 
be  seen  that  he  is  entitled  to  the  credit  of  having  first  distinctly  demonstrated 
the  chemical  origin  of  Vohaic  electricity. 

In  the  year  1800,  the  attention  of  the  scientific  world  waa  withdrawn  from 
the  controversy  respecting  the  origin  of  Galvanic  electricity,  and  all  other 
matters  of  minor  importance,  and  engrossed  by  one  of  those  vast  discoveries 
which  constitute  an  epoch  in  the  progress  of  knowledge,  and  give  a  new  di- 
rection to  Ihe  sciences.  '  On  the  20th  of  March,  1800,  Volta  addressed  a  letter 
to  Sir  Joseph  Banks,  then  president  of  the  Royal  Society,  in  whicli  he  an- 
nounced to  him  the  discovery  of  the  voltaic  pile,  one  of  the  most  powerful 
instruments  for  the  investigation  of  the  laws  of  nature,  as  exhibited  in  the  mu- 
tual relations  of  the  constituent  parts  of  matter,  which  ever  did  honor  to  the 
science  of  any  age,  or  any  nation. 

In  order  to  complete  the  experimental  analysis  of  the  effects  of  Galvanic 
electricity,  Volla  felt  the  necessity  of  collecting  it  in  much  greater  quantities 
than  could  be  obtained  in  the  processes  "which  had  then  been  adopted.  Ac- 
cording to  his  theory,  when  two  plates  of  metal,  zinc  and  copper  for  example, 
were  brought  into  contact,  two  currents  of  electric  fluid  originated  at  their 
common  surface,  and  moved  from  that  point  in  opposite  directions.  The  posi- 
tive fluid  passed  along  the  zinc,  and  the  negative  along  the  copper.  If  the 
extremities  of  the  two  metals  most  remote  from  their  mutual  contact  were  con- 
nected by  an  arc  of  conducting  matter,  these  contrary  currents  would  flow 
along  this  arc,  the  positive  fluid  moving  from  the  zinc  toward  the  copper,  and 
the  negative  from  the  copper  toward  the  zinc  ;  but  the  intensity  of  these  cur- 
rents was  supposed  to  be  so  feeble  that  no  ordinary  electroscope,  whatever 
might  be  its  sensibility,  would  be  affected  by  it.  In  order  to  bring  into  opera- 
tion in  this  question  those  instruments  which  had  been  applied  to  common 
electricity,  he  therefore  sought  some  expedient  by  which  he  could  combine, 
and,  as  it  were,  saperpnse  two  or  more  currents,  and  thus  multiply  the  intensity, 
until  it  should  attain  such  an  augmentation  as  to  produce  eff"ects  analogous  lo 
those  which  had  been  obtained  by  ordinary  electricity. 

With  this  object,  he  conceived  the  idea  of  placing  alternately,  one  over  the 

other,  disks  of  difl'erent  metals,  such  as  zinc  and  copper.     Let  us  suppose  the 

lowest  disk  to  be  copper,  having  a  disk  of  zinc  upon  it.     On  this  disk  of  zinc 

let  a  second  copper  disk  be  placed,  and  over  that  a  second  disk  of  zinc,  and  so 

on.     According  to  Volta's  theory,  currents  of  electricity  would  be  established 

at  each  surface  of  contact  of  the  two  metals,  the  positive  current  running  along 

ihe  zinc,  and  the  negative  along  the  copper.     With  the  arrangement  above 

I    described,  there  would  proceed  from  the  first  surface  a  negative  downward,  and 

]    a  positive  upward  current ;  from  the  second  a  positive  downward,  and  a  nega- 

<   tive  upward  current ;  from  the  third  a  negative  downward,  and  a  positive  up- 
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ward  current,  and  so  on  :  the  downward  current  being  negative,  and  the  up-  < 
ward  positive  from  the  upper  surface  of  each  copper  disk,  and  the  upper  > 
current  being  negative  and  the  downward  positive  from  the  lower  surface  of  j 
such  disk.  It  is  evident,  therefore,  that  the  downward  currents  would  be  al-  J 
lernately  positive  and  negative  ;  and  the  same  would  be  the  case  with  the  J 
upward  currents.  Now,  since  the  surfaces  of  contact  of  the  metals  would  be  ( 
equal,  these  cnrrenta  would  have  equal  intensities,  and  accordingly  each  posi-  J 
tive  current  would  neutralize  each  negative  current  having  the  same  direction.  [ 
The  result  wouid  be,  that  if  the  lowest  and  highest  disk  of  the  pile  were  of  the  j 
same  metal,  all  the  currents  neutralizing  each  other,  the  pile  would  evolve  no  J 
electricity  whatever ;  and  if  they  were  of  different  metals,  all  the  downward  J 
currents,  except  one,  would  neutralize  each  other,  and  that  one  would  be  posi-  ? 
live.  The  effect  of  the  pile  would  therefore  be  the  same  as  if  it  consisted  of  J 
only  two  disks,  one  of  copper,  and  the  other  of  zinc.  f 

Volta  therefore  saw  the  necessity  of  adopting  some  expedient  by  which  all  J 
the  currents  in  the  same  direction  should  be  of  the  same  kind ;  so  that,  for  ex-  { 
ample,  all  the  descending  currents  should  be  negative,  and  alt  the  ascending  j 
currents  positive.  If  this  could  be  accomphshed,  the  current  issuing  from  the  \ 
bottom  of  the  pile  would  be  a  negative  current  as  many  times  more  intense  J 
ihan  one  proceeding  from  a  single  pair  of  disks  as  there  were  surfaces  of  con-  \ 
tact  supplying  currents,  and  the  same  would  be  true  of  the  positive  current  i 
issuing  irom  the  top  of  the  pile.  5 

To  effect  ibis,  it  was  necessary  to  destroy  the  Galvanic  action  at  all  those  su»-  i 
faces  from  which  descending  positive  and  ascending  negative  currents  would  pro-  f 
ceed ;  that  is,  the  lower  surfaces  of  the  copper  disks  and  the  upper  surfaces  of  the  J 
zinc  disks.  But  while  this  was  effected,  it  was  also  essential  thai  the  progress  f 
of  the  descending  negative  and  ascending  positive  currents  should  still  be  un-  I 
interrupted.  The  interposition  of  any  substance  which  would  have  no  sensible  ( 
Galvanic  action  on  either  of  the  metals  between  each  disk  of  copper  and  the  J 
disk  of  zinc  immediately  below  it  would  attain  one  of  these  ends,  since  ihe  < 
action  of  all  the  surfaces  in  which  ascending  negative  or  descending  positive  j 
currents  could  originate  would  thus  be  prevented.  But  in  order  to  allow  the  ( 
free  progress  of  the  remaining  currents  in  each  direction,  such  substance  must  I 
be  a  sufficiently  free  conductor  of  electricity.  Volta  selected,  as  the  fittest  ( 
means  of  fulfilling  these  conditions,  disks  of  wet  cloth.  They  would  be  free  i 
from  any  sensible  Galvanic  action  on  the  metal,  and  their  moisture  would  give  j 
them  sufficient  conducting  power.  j 

Having  discovered  the  principles  by  which  this  species  of  electricity  can  be  J 
acciunulated  in  quantity  and  strong  currents  obtained,  he  varied  its  form,  and  S 
contrived  the  apparatus  which  is  known  by  the  name  of  ia  CouTonne  de  Tassts.  \ 
This  arrangement,  which  Volta  himself  most  commonly  used  in  his  esperi-  > 
menis,  consisted  of  a  circle  of  cups  filled  with  warm  water,  or  a  solution  of  \ 
sea-salt.  He  immersed  in  each  cup  a  plate  of  zinc  and  one  of  silver,  not  in  / 
contact,  and  then  established  a  metallic  communication  by  means  of  wire  be-  X 
tween  the  zinc  of  one  cup  and  the  silver  of  the  adjacent  one.  The  positive  J 
fluid  was  found  to  proceed  from  the  extreme  zinc  plate,  and  the  negative  from  ( 
the  extreme  silver  one,  and  a  continuous  current  was  obtained  by  connecting  J 
these  by  any  conductors  of  electricity.  ( 

Profoundly  impressed  with  ihe  importance  of  the  results  likely  to  arise  from  j 
the  application  of  the  powers  of  the  pile  in  physical  inquiries,  and  doubtless  X 
animated  by  the  desire  for  which  he  was  honorably  distinguished  to  extend  al!  j 
possible  encouragement  and  advantage  to  those  engaged  in  the  natural  sciences,  J 
Napoleon,  then  first  consul,  and  surrounded  by  the  splendor  of  his  southern  j 
liiuniphs,  invited  Volta  to  visit  Paris  ;   and  there,  at  the  Institute,  before  the   J 
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elite  of  European  philosophers,  to  explain  personally  hia  great  invenUon,  and 
expound  his  views  as  to  its  probable  uses  and  powers  as  an  instrument  of  sci- 
entific research.  Volta  accepted  the  proffered  honor,  and,  in  1801,  attended  at 
three  meetings  of  the  Academy  of  Sciences,  at  which  he  explained  his  theory 
of  contact,  and  deyeloped  his  views  respecting  the  Voltaic,  or,  as  he  called  it, 
electre-moiive,  action  of  different  metals  upon  each  other.  Among  tlie  audience 
at  these  memorable  meetings  was  Napoleon  himself,  and  none  present  ap- 
peared to  appreciate  more  justly  the  vastness  of  the  power  which  was  on  that 
occasion  placed  in  the  hands  of  the  experimental  philosopher. 

When  the  report  of  the  committee  on  the  subject  was  read,  the  first  consol 
proposed  that  the  ndes  of  the  Academy,  which  produced  some  delay  in  con- 
ferring its  honors,  be  suspended,  and  that  the  gold  medal  be  immediately 
awarded  to  Volta,  as  a  testimony  of  the  gratitude  of  the  philosophers  of  France 
for  his  discovery.  This  proposition  being  carried  by  acclamation,  the  hero  of 
a  hundred  fields,  who  never  did  things  by  halves  and  who  was  filled  with  a 
prophetic  enthusiasm  as  to  the  powers  of  the  pde  ordered  two  thousand  crowns 
to  be  sent  to  Voita  the  same  day  from  the  public  treasury  to  defray  the  ex- 
penses of  his  journey.'  He  also  founded  an  annual  medal  of  the  value  of 
three  thousand  francs,  for  the  best  experiment  on  the  electric  fluid,  and  a  prize 
of  sixty  thousand  francs  U>  him  who  should  give  electricity  or  magnetism,  by 
his  researches,  an  impulse  comparable  to  that  which  it  recet  ed  from  the  dis- 
coveries of  Franklin  and  Volta. 

•  The  relation  in  which  the  Voltaic  pilo  stood  in  reference  to  the  Leyden  jar 
and  electrical  machines  now  began  to  be  percpi  ed  In  the  latter  apparatus  a 
great  quantity  of  electricity  is  accumulated  on  the  surfaces  of  the  jar,  and  held 
there  in  equilibrium,  the  positive  fluid  on  one  side  of  the  glass,  and  the  nega- 
tive on  the  other.  When  the  communication  is  made  between  the  two  surfaces, 
a  torrent  of  the  fluid  precipitates  itself  instantaneously  along  the  line  of  com- 
munication, and  the  electrical  equilibrium  is  re-established  in  an  interval  of  time 
so  short  as  to  be  inappreciable,  A  sudden,  instantaneous,  and  violent  effect  is 
produced  on  whatever  bodies  may  be  exposed  to  the  transit  of  this  electric  fluid. 
On  the  other  band,  the  Voltaic  pile  is  a  generator  of  electricity,  which  supplies 
to  its  opposite  poles  the  two  fluids,  the  positive  and  the  negative  electricity,  in  a 
continued,  gentle,  and  regulated  current.  It  discharges  it  not  suddenly  or  in- 
stantaneously, or  with  uncontrollable  and  irresistible  violence,  but  with  gentle, 
mdderate,  continued,  and  regulated  action.  What  takes  place  in  the  Leyden 
jar  in  an  interval  so  brief  as  to  render  observation  of  its  progress,  or  examina- 
tion of  its  successive  effects,  impossible,  is  with  the  pile  spread  over  as  long 
an  interval  as  the  observer  may  desire.  Besides  this,  the  effects  themselves 
consequent  on  the  two  modes  of  action  are  different.  That  which  in  mechan- 
ical phenomena  is  eifected  by  a  violent  blow  or  concussion,  is  not  more  differ- 
ent from  the  effects  of  a  long-continued  action  of  a  uniform  accelerating  force 
or  a  constant  pressure,  than  are  the  effects  of  the  common  electrical  discharge 
from  those  of  the  currents  of  electricity  propagated  between  the  poles  of  the 
pile. 

The  physiological  effects  of  electricity  exhibited  under  these  different  forms, 
differ  in  a  manner  which  might  be  anticipated  from  these  modifications  in  the 
uansmission  of  the  electric  fluid.  If  the  wires  proceeding  from  the  opposite 
poles,  and  conducting  the  contrary  currents  of  fluid,  be  taken  in  the  hands,  the 
sudden  and  violent  shock  of  the  Leyden  jar  is  no  longer  felt.  It  is  replaced  by 
a  continued  convulsion  in  the  arms  and  shoulders,  which  does  not  cease  so  long 
held, 
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netallic  pliie,  in  connexion  with  the  positive  pole,  be  applied  to  the 
ind  another  connected  with  the  negative  pole  lo  any  other  part,  a  strong 
I  acidulous  savor  is  perceived.  If  the  plate  applied  to  the  tongue  be  connected 
i  with  the  negative  pole,  a  strong  alkaline  savor  is  felt. 

I.  :_  .__|j  jj^g  organs  of  taste  only  which  are  sensible  to  the  influence  of  this 

)  instrument.     The  sense  of  sight  is  susceptible  of  its  operation  in  a  manner  even 

e  wonderful.     Let  a  metallic  surface  connected  with  one  of  the  poles  be 

I  applied  to  the  forehead,  the  cheek,  the  nose,  the  chin,  or  the  throat ;  and,  at 

same  time,  let  the  patient  take  in  his  hand  the  wire  connected  with  the 

:rpoIe.     Immediately  a  light  will  be  perceived,  even  though  the  eyes  be 

(  closed,  the  splendor  and  appearance  of  which  will  vary  with  the  part  of  the 

I  face  in  contact  with  the  metallic  plate.     By  similar  means,  tiie  perception  of 

sound  will  be  perceived  in  the  ears. 

The  a,ction  of  the  pile  on  the  animal  body  after  the  vital  principle  is  de- 
stroyed is  so  well  known,  that  it  is  scarcely  necessary  to  mention  it  here, 
J  The  trunk  of  a  decapitated  body  will  rise  from  its  recumbent  posture  ;  the  arms 
will  move  and  strike  objects  near  them ;  the  legs  will  elevate  themselves  with 
a  force  sufficient  to  raise  considerable  weights;  the  breast  will  heave  as  if 
(  respir  d         d       fi       all  the  vital  actions  will  be  manifested 

{  vriik         Q        d         I        p 

affords  results 


The  gl 


d      f  h  ml  1     pile  affords  results  not  less  interesting. 

m       bm      d       h     1        c  current,  shines  with  increased  splen- 
5  h  pp       h  p  f      d     the  action  of  a^tiraulant. 

was  strongly  sugg'estive  of  a  mysterious 

E      d  the  proximate  principle  of  vitality. 

1  bited  to  Napoleon,  the  emperor  turned 

d    '  Docteur,  voila  I'iraage  de  la  vie  :  la 

1    pole  negatif ;  la  vessie,  ie  p6!e  posi- 
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jre  than  hinted  at,  when  that 
hich  soon  led  to  the  magnifi- 
3  of  experimental  researches  which 
with  results  so  remarkable  by  those 
■es  only  of  the  letter  of  Voita  to  Sir 
20th  of  March,  1800  ;  and  as  these 
eipl  of  the  remainder,  the  letter  was 
p  bl    hed,  until  the  26th  of  June  following, 
h  was  described  generally  the  formation 
d  of  April  by  Sir  Joseph  Banks  to  some 
a     Anthony  (then  Mr.)  Carlisle,  who  waa 
1  f,  cal  inquiries.     Mr,  W:  Nicholson,  the 
1  as  Nic/mhun's  Journal,  and  Carlisle, 
half-crown  pieces  alternated  with  equal 
i  disks  ol  copper  and  cloth  soaked  m  a  weak  solution  of  common  aait,  with  which 
B  the  30th  of  April  they  commenced  their  experiments.     It  happened  that  a 

•  Eloge,  p.  33. 

t  This  unecdote  waa  lold  by  Chapld,  who  was  preBont  on  llie  occasion,  to  Beqnerel  ;  and  llie  lot 
T  relalca  it  ioibefirsi  volume  of  his  work  on  cleciriciiy,  publislied  in  1834.  Tbe  idea  Ibol  elee- 
laty  IS  ibe  immediale  princijilBOf  Titality  has  ocoarred  lo  other  minda.  Sir  John  Herschel,  in  hia 
reiiminiirj  Discourse  published  in  tbe  Cabinet  Cyclopedia  in  1B30,  wiihonl  any  kauwkjdge  of  the 
>aTe  nnecdob;,  sayn  (p.  343),  "  IF  ibe  brain  be  an  electric  pile  constantly  in  action,  it  may  be  con- 
tived  to  discharge  itself  at  regular  intervale,  when  the  tension  of  Ihs  HlecUicity  developed  reaches 
certain  ooint,  uloag  the  ncrvea  wbfch  commonicate  with  tlie  heart,  nnjl  »b„B  in^-r'.iip  ilu*  mtJqnHn,! 
This  idea  is  forcibly  snggeated  by  tlie  view  of  that  el< 
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drop  of  water  was  used  to  raake  good  the  contact  of  the  conducting  wire  with 
a  plate  to  which  the  electricity  was  to  be  transmitted ;  Carhale  observed  a  dis- 
engagement of  gas  in  this  water,  and  Nicholson  recognised  the  odor  of  hydro- 
gen proceeding  from  it.  In  order  to  observe  this  effect  with  more  advantage, 
a  small  glass  tube,  open  at  both  ends,  was  stopped  at  one  end  by  a  cork,  and 
being  then  filled  with  water  was  similarly  stopped  at  the  other  end.  Through 
both  corks  pieces  of  brass  wire  were  inserted,  the  points  of  which  were  ad- 
justed at  a  distance  of  an  inch  and  three  quarters  asunder  in  the  water.  When 
these  wires  were  put  in  communication  with  the  opposite  ends  of  the  pile, 
bubbles  of  gas  were  evolved  from  the  point  of  the  negative  wire,  and  the  end 
of  the  positive  wire  became  tarnished.  The  gas  evolved  appeared  on  examina- 
tion to  be  hydrogen,  and  the  tarnish  was  found  to  proceed  from  the  oxydation 
of  the  positive  wire.  It  was  inferred  that  the  process  in  which  these  effects 
were  produced  was  the  decomposition  of  water.  This  took  place  on  the  3d 
of  May,  shortly  after  the  receipt  of  the  first  portion  of  Volta's  letter. 

To  ascertain  whether  the  oxydation  of  the  positive  wire  was  an  effect  inci- 
dental to  the  experiment,  or  had  an  influence  in  producing  the  decomposition, 
Nicholson  determined  to  try  the  effect  of  wires  formed  of  metal  more  difficult 
of  oxydation.  Wires  of  platinum  were  accordingly  inserted  through  the  corks,  | 
and  the  experiment  repeated.  Bubbles  of  gas  were  now  evolved  from  both  ! 
wires.  Two  platinum  wires  were  next  inserted  at  the  closed  ends  of  two  ' 
separate  tubes,  which,  being  open  at  the  other  ends  and  filled  with  water,  were 
inserted  in  the  same  i^ssel  of  water.  Being  placed  side  by  side  close  together, 
and  the  wires  being  continued  to  the  lower  ends  of  the  tubes,  so  that  the  dis- 
tance between  their  points  was  not  more  than  two  inches,  their  upper  extremi- 
ties were  put  in  connexion  with  the  ends  of  the  pile.  Gas  was  evolved  from 
the  points  of  both  wires,  and,  ascending  through  the  water,  was  collected  sep- 
arately in  the  two  tubes.  These  gases  being  examined,  proved  to  be  hydrogen 
from  the  negative,  and  oxygen  from  the  positive  wire,  nearly  in  the  proportion 
known  to  constitute  water.* 

Thus  was  the  decomposing  power  of  the  pile  established  within  a  few  weeks 
after  the  first  intimation  of  the  invention  of  that  instrument  had  been  received 
in  England,  and  before  any  description  of  it  had  been  published.  It  seemed 
proper  to  give  these  details  here,  not  only  on  account  of  the  great  importance 
of  the  discovery,  but  because  it  has  been  sought  to  depreciate  the  merit  of  ii 
by  ascribing  it  altogether  to  chance.  It  is  probably  impossible  to  exclude 
chance  altogether  from  such  investigations,  but  in  this  there  was  as  little  as  is 
generally  found. 
'■  When  these  experiments  became  known,  Mr.  W.  Cniickshank,  of  Woolwich, 
repeated  them,  and  obtained  similar  results  ;  but  observed  that  when  the  dis- 
tilled water  was  tinged  with  litmus,  the  effects  of  an  acid  were  produced  at  the 
positive,  and  those  of  an  alkali  at  the  negative  wire.  Led  by  this  indication, 
he  tried  the  effects  of  the  wires  on  solutions  of  acetate  of  lead,  sulphate  of 
copper,  and  nitrate  of  silver.  In  each  case  he  foimd  the  metallic  base  depos- 
ited at  the  negative  pole,  and  the  acid  manifested  at  the  positive  pole.  Muri- 
ate of  ammonia  and  nitrate  of  magnesia  were  next  decomposed,  the  acid  as  be- 
fore going  to  the  positive,  and  the  alkali  to  the  negative  pole.  These  experi- 
ments of  Mr.  Cniickshank  were  made  as  early  as  June,  1800.+ 

In  the  September  following,  Mr.  Cruickshank  published  the  continuation  of  | 
bis  researchesjj  in  which  he  corroborated  the  results  of  his  former  experiments, 
showing  more  generally  the  tendency  of  oxygen  and  the  acids  in  Voltaic  de- 
composition to  collect  round  the  positive  wire,  and  hydrogen,  metals,  alkalies, 
&c.,  round  the  negative  pole. 
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The  investigations  of  which  the  pile  became  the  instrament  now  began  to 
issume  an  importance  which  rendered  it  necessary  to  give  it  considerably  aug- 
l  menled  power,  either  by  increasing  its  height  or  enlarging  its  component  plates. 
!  In  either  case,  inconveniences  were  encountered  which  imposed  a  practical  J 
I  limit  on  the  increase  of  its  power.     When  the  number  or  magnitude  of  the  \ 
i  metallic  disks  was  considerable,  the  incumbent  pressure  discharged  the  liquid  J 
j  from  the  intermediate  disks  of  cloih  or  card.     The  trouble  of  refilling  it  when- 
s  required,  and  of  wetting  the  cloth  or  card,  was  very  great. 
J  Mr.  Cruickshank,  adopting  the  principle  of  Volta'a  couronne  des  lasses,  pro- 
i  posed,  as  a  more  convenient  form  for  the  apparatus,  an  arrangement  consisting  J 
J  of  a  trough  of  baked  wood,  which  is  a-  non-conductor  of  electricity,  divided  by  J 
[  parallel  partitions  into  a  series  of  cells.     Into  these  cells  the  liquid  to  '     ' 
(  terposed  between  the  successive  pairs  of  metallic  plates  was  poured. 
\  ries  of  rectangular  plates  of  metal,  alternately  zinc  and  copper,  were  arranged  f 
3  as  to  be  parallel  to  each  other,  and  at  such  a  distance  as  to  allow  the  parti- 
ons  of  the  trough  to  pass  between  each  pair  of  plates.     This  modification 
jndered  the  Voltaic  apparatus  capable  of  having  its  power  increased  without  ( 
i  practical  limit. 

While  these  investigations  were  proceeding,  Hitter,  afterward  so  distin- 
>  guished  for  his  experimental  researches,  but  then  young  and  unknown,  made 
irious  experiments  at  Jena  on  the  effects  of  the  pile  ;  and,  apparently  with- 
it  knowing  what  had  been  done  in  England  discovered  this  property  of  de 
(  composing  water  and  saline  compounds  and  of  collecting  oxjgen  and  the  acids 
)  at  the  positive,  and  hydrogen  and  the  bases  at  the  negative  pole      He  also  J 
(  showed  that  the  decomposing  power  in  the  case  of  water  could  be  transmitted  \ 
)  through  sulphuric  acid,  the  oxygen  being  evolved  from  a  portion  ot  water  c 
J  one  side  of  the  acid,  while  the  hvdrogen  was  produced  from  another  separate  < 
x>nion  of  water  on  the  other  side  of  it  " 
When  the  chemical  powers  of  the  pile  became  known  in  England,  Sir 
[  Humphry  (then  Mr.)  Davy  was  commencing  those  labors  in  chemical  science  J 
!  which  subsequently  siirrounded  his  name  with  so  much  lustre,  and  h 
i  of  his  genius  in  the  history  of  scientific  discovery  which  must  remain  as  long  ) 
{  as  the  knowledge  of  the  laws  of  nature  is  valued  by  mankind.     The  circum- 
S  stance  attending  the  decompositions  effected  between  the  poles  of  the  pile 
5  which  caused  the  greatest  surprise,  was  the  production  of  one  element  of  the  J 
I  compound  at  one  pole,  and  the  other  element  at  the  other  pole,  without  any  5 
(  discoverable  transfer  of  either  of  the  disengaged  elements  between  the  v  ' 
S  If  the  decomposition  was  conceived  to  take  place  at  the  positive  wire,  the 
I  slituent  appearing  at  the  negative  wire  must  be  presumed  to  travel  through  the  J 
J  fluid  in  the  separated  state  from  the  positive  ti     '  "  '  '    " ' 

s  conceived  to  take  place  at  the  negative  wi 
j  imagined  in  the  opposite  direction.  Thus,  if  v 
j  decomposition  be  conceived  to  proceed  at  the  p 


:i  similar  transfer  must 
r  be  decomposed,  and  t 

B  where  the  oxygen  J 


visibly  evolved,  the  hydrogen  from  which  that  oxygen  is  separated  n 


J  travel  through  the  v. 
e  when  it  meets  the  point  of  that  wire ;  and  if,  ■ 
!  composition  be  imagined  to  take  place  at  the  negati 
's  visibly  evolved,  the  oxygen  must  be  supposed 
J  the  water  to  the  point  of  the  positive  wire,  and  th< 
J  what  appeared  still  more  unaccountable  w 

it  would  seem  that  one  or  other  of  the  elements  of  the  water  must  have  passed  ) 
)  through  the  intervening  sulphuric  acid.     So  impossible  did  sucli  an  invisible  ( 


and  only  to  become  5 
.tie  other  hand,  the  de-  \ 
wire  where  the  hydro 
pass  invisibly  through  ) 
become  visible.      ~ 
the  experiment  of  Ritter  i 
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e  he  regacded  his  experiment  as  pro-  l 
on  was  wholly  converted  into  oxyge 


S  transfer  appear  to  Ritter,  that  at  that  tim 
)  ving  that  one  portion  of  the  water  acted 
;  and  the  other  portion  into  hydrogen." 

This  point  was  the  first  to  attract  the  attention  of  Davy,  and  it  occurred  to 
litn  to  try  if  decomposition  could  be  produced  in  quantities  of  water  contained 
n  separate  vessels  united  by  a  conducting  snbslance,  placing  the  positive  wire 
n  one  vessel  and  the  negative  in  the  other.  For  this  purpose,  the  positive  and 
legative  wires  were  immersed  in  two  separate  glasses  of  pure  water.  So  long 
18  the  glasses  remained  unconnected,  no  effect  was  produced  ;  but  when  Davy 
j  put  a  finger  of  the  right  hand  in  one  glass  and  of  the  lefi  hand  in  the  other, 
decomposition  was  imraediately  manifested  The  same  experiment  w^s  after- 
wdpdmkgh  nbw         htwo  glasses  by  a  chain  ! 

f  1        p  If     y  m  1  pn      pi    p        d  b     veen  the  wires  in  these  I 

n       h       b  m      1  h      gh  h    b  d       of  the  persons  forming  J 

hi         f      mm  b    w         h    gl 

Th  fhlgmlbd  1         f      mmunication  being  inc( 

\vl  p     m  f  1     g  w       desired,  Davy  substiiut 

li  m        1  1  fib       1  d  p  f     hich,  though  inferior  to  i 

h        f   h     1  I   w  th  ■W  h  n    h     two  glas 

d  by  1  1  dp  tl    gly  went  on  as  before,  but  j 

m         !      I 

T  h    h      m     11         mm  h       een  the  liquid  decompo- 

Idhplw  Ih  pldl  f  muscular  fibre  between 

h        dflpl         dhl  fw  p    tively,  and  at  the  same 

m  ndh  gl  hhhb    means  of  a  metallic  wire. 

h       g     ve,  and  hydrogen  in  the 

d  wh        he  pile  was  connected  \ 

d  d  he  observe  the  disen- 

fibre  or  from  the  living  hand  immer-  i 
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h      h  d 


h  h    gl  by  In  f  I 

j  gagement  of  f,as  either  from  the  muscular 
led  in  the  water. 
In  October,  1800,  after  many  experiments  on  the  chemical  effects  of  the  \ 
\  pile,  Davy  commenced  an  investigation  of  the  relation  which  its  ) 
the  chemical  action  of  the  liquid  conductor  on  the  more  oxydable  of  its  metal-  ! 
lie  elements.     The  influence  of  chemical  decomposition  in  evolving  the  Voltaic  j 
electricity  originally  maintained  by  Fabroni,  was  again  brought  under  inquiry  j 
by  Colonel  Haldane.   *Davy  showed  that  at  common  temperatures  zinc,  con- 
nected with  silver,  suffers  no  oxydation  in  water  which  is  well  purged  of  air 
'   and  free  from  acids ;  and  that  with  such  water  as  a  liquid  conductor,  the  pile 
I   is  incapable  of  evolving  any  quantity  of  electricity  which  can  be  rendered  sen- 
\   sible  either  by  the  shock  or  by  the  decomposition  of  water ;  but  that  if  the  J 
I  water  used  as  a  liquid  conductor  hold  in  combination  oxygen  or  acid,  then  oxy- 
I   dation  of  the  zinc  takes  place,  and  electricity  is  sensibly  evolved.     In  fine,  he  i 
i   concluded  that  the  power  of  the  pile  appeared  to  be,  in  great  measure,  proper-  < 
;   tional  to  the  power  of  the  liquid  between  the  plates  to  oxydate  the  zinc.f  ! 

He  inferred  from  these  results  that  although  the  exact  mode  of  operation  J 
could  not  be  accounted  for,  the  oxydation  of  the  zinc  in  the  pile,  and  the  chem-  J 
ca!  changes  connected  with  it,  were  somehow  the  cause  of  its  electrical  effects. 

To  ascertain  whether  a  liquid  solution  capable  of  conducting  the  electric  cur- 
rent between  the  positive  and  negative  wires  of  a  Voltaic  pile,  but  not  capable  { 
>  of  producing  any  chemical  action  on  its  metallic  elements,  would,  when  used  ) 
[  between  its  plates,  evolve  electricity,  Davy  constructed  a  pile  in  which  the  li 
)  quid  was  a  solution  of  sulphuret  of  stronlia.     When  the  current  from  an  activ 
J  pile  was  transmitted  through  the  liquid,  the  shocit  was  as  sensible  as  if  the  \ 

•  Nieholeon'a  Journal,  vol.  iv.,  p.  513.  t  Nicholaon'a  Jonrnal,  vol.  iv„  p.  337. 
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res.  An  arrange- 
ie  des  tosses,  was 
It  of  these  expeti- 


n  £he  cells  if 
s  of  the  pile.     The  \ 


communication  had  been  made  through  water ;  but,  on  the  other  hand,  solu-  j 
tions  of  the  sulphurets  were   incapable  of  acting  chemically  on  ihe  zinc.     If, 
therefore,  chemical  action  on  the  zinc  be  a  necessary  condition  to  ensure  the 
activity  of  the  pile,  such  an  arrangement  must  be  inactive      Twenty-five  pairs 
of  silver  and  zinc  plates,  erected  with  cloths  moistened  m  solution  of  sulphuret  j 
of  stronlia,  produced  no  sensible  action,  though  the  moment  the  sides  of  the  \ 
pile  were  moistened  with  nitrons  acid,  the  ends  gave  shocks  as  powerful  a 
those  of  a  similar  pile  constructed  in  the  usual  manner 

The  nest  question  brought  to  the  test  of  eKpenment  was,  whether  the  chem 
ical  action  which  takes  place  between  the  liquid  and  the  plates  of  the  pile  i 
of  the  same  kind  as  that  which  is  manifested  when  water  is  decomposed  by  \ 
its  extreme  wires  ;  that  is,  whether,  when  the  oxygen  is  freed  upon  the  surface  of  I 
the  zinc,  the  remaining  constituent  of  the  solution  decomposed  is  also  liberated  at  J 
the  surfaceof  the  zinc,  as  in  ordinary  osydation ;  or  is  transmitted  invisibly  through  I 
the  fluid  to  the  surface  of  the  silver,  and  there  deposited,  or  otherwise  liberated, 
as  in  the  decomposition  between  the  positive  and  negative  ■ 
ment  of  zinc  and  copper  plates,  in  the  form  of  the  eour 
formed,  and  charged  with  spring  water.  The  general  re 
menls  showed  that  the  hydrogen  liberated  by  the  zinc  was  i 
zinc,  but  at  the  silver  surface ;  and,  therefore,  that  the  i 
similar  to  the  decomposition  of  water  at  the  extreme  win 
phenomena  were,  however,  rendered  less  decisive  of  the  question  by  the  n 
ificaiions  produced  by  the  azote  of  the  common  air  combined  with  the  water,  I 
and  also  by  sjline  matter  which  it  held  m  solution,  eiiects  which  were  then  j 
imperfectly  understood 

The  inventor  ol  the  pile  maintained  that,  among  the  metals,  those  which  ( 
held  the  extreme  places  in  the  scale  of  electro  motive  power  were  silver  a: 
zinc,  and  that,  consequently,  these  metals,  paired  in  a  pile,  would  be  mo 
powerful,  ciPienj /ioriiu5,  than  any  other  But  as  he  also  showed  that  pure  ) 
charcoal  was  a  good  conductor  of  the  electric  current,  and  that  the  electro-  ( 
motive  virtue  depended  on  the  different  conducting  powers  of  the  metallic  ele-  > 
ments,  it  yfaM  consistent  with  analogy  that  charcoal,  combined  with  another  < 
substance  of  different  conducting  power,  would  produce  Voltaic  a 
W  II  di  gly   h        I    h  mb  nation  of  charcoal  and  zinc  produced  } 

nhl  il  hfg        dD  vy,  adopting  this  principle,  constructed  5 

im  d  g    f  ies  of  eight  glasses,  with  small  pieces 

fwllb        dh         1  dwh  zinc  by  pieces  of  silver  wire,  using  a 

1      liquid  conductor.     This  series  gave  j 

p      d  water.     Compared  with  an  equal  and 

ffects  were  much  stronger.     Hence  he 

f        d     combination  equal,  if  not  superior,  to 

I      h      1  ctro-motive  power  of  the  metallic  ele- 
1  eir  powers  as  conductors  of  electricity. 
d  h  n  to  connect  the  electro-motive  power 

the  more  oxydable  metal.     These  two  J 

I  patible,  if  it  could  be  shown  that  the  \ 

d  p    p  rtional  lo,  the  difference  of  conducting  j 

h         was  only  necessary  to  construct  a  pile  \ 

\         g  power.     With  this  view,  Davy  con-  j 

1        pi    es,  these  metals  being  supposed  to  dif-  j 

d        ig  electricity,  interposing  disks  of  cloth  j 
d      V  Itaic  action  was  produt 

d      pper,  and  a  solution  of  nitrate  of  mercury,  j 
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ted  powerrully.     The  conducting  powers  of  these  several  metala  were  then  ( 
)  considered  as  nearly  equal.* 

n  considering  the  various  arrangements  and  combinationa  in  which  Voltaii 
J  action   had  been  manifested,  Davy  observed,  as  a  common  character,  that,  ii 

ry  case,  one  of  the  two  metallic  elements  was  oxydated,  and  the  other  not.  i 

j  Did  the  production  of  the  electric  current,  then,  depend  merely  on  the  pi 

\  ence  of, two  metallic  surfaces,  one  undergoing  oxydation,  separated  by  a  c 

J  ductor  of  electricity  ?  and,  if  so,  might  not  a  Voltaic  arrangement  be  made  by  J 

le  metal  only,  if  its  opposite  surfaces  were  placed  in  coniaci  with  two  differ-  ? 

it  liquids,  one  of  which  would  osydate  it,  and  the  other  transmit  electricity  ( 

f  without  producing  oxydation  ?     To  reduce  this  to  the  test  of  experiment  with  ) 

J  a  single  raetai]ic  plate  would  have  been  easy    but  m  constitutmg  a  series 

J  pile  the  two  liquids  theov)d%ting  md  the  nonoxjdatng  must  be  in  contact, 

and  subject  to  intermixture      To  overcome  this  difficultj    different  expedients  '■ 

were  reported  to  with  more  or  less  success     but  the  most  convenient  and  ; 

effectual  method  ol  attaining  the  desired  end  was  suggested  to  Davy  by  Count  ^ 

?  Rumford      Let  an  oblong  trough  be  formed   similar  to  that  suggested  by  -; 

J  Cruick&hank  as  a  substitute  for  the  pile     and  let  grooves  be  made  in  it  such  ■ 

;o  allow  of  the  insertion  of  a  number  of  plates   by  which  the  trough  may  be  -J 

J  diMded  into  a  series  of  water  tight  cells      Let  plates  of  the  raet^  of  which  } 

<  the  apparatus  is  to  be  constructed  be  made  to  fit  these  grooves     and  let  a; 

J  many  plates  ol  glass  or  other  non  conducting  material  of  the  same  form  am 

(  magnitude  be  provided      Let  the   metallic  plates   be   inserted  m   alternate  \ 

)  grooies  ol  the  trough  and  the  gUas  plates  in  the  intermediate  grooics,  so  a 

o  div  de  the  trough  into  a  succLS^ion  of  separate  cells  each  cell  having  o 

)ne  s  de  metal  and  on  the  other  glass      Let  such  an  arrangement  be  repre-  J 

{  sentcd  m  fig   1    where  the  metallic  plates  are  represented  at  M  the  interme-  i 


(  diate  plates  be  ng  glass      Let  the  alternate  cells  O  be  filled  with  the  oxyda- 
)  ting  liqmd    and  the  intermediate  cells    L    with  the   liquid    mhiuh   conducts  J 

<  without  oxydating  Let  slips  of  moistenel  cloth  be  hung  over  the  edge  of  ) 
)  each  of  the  glass  tubes  so  that  its  ends  shall  dip  into  the  liquids  in  the  ad-  J 
i  jacent  cells      This  cloth  or  rather  the  liquid  it  imb  bes  will  conduct  the  clec-  5 

nc  current  from  cell  to  cell  without  permitting  the  intermixture  of  the  liquids. 
In  the  first  arrangements  made  on  this  principle,  the  most  oxjdable  metals, 

iuch  as  zinc,  tin,  and  some  others,  were  tried.     The  oxydating  liquid  O  was 
\  dilute  nitric  acid,  and  the  liquid  L  was  water.     In  a  combination  con'^isting  ol  ) 
I  twenty  plates  of  metal,  sensible  but  weak  effects  were  produced  on  the  organs  S 

<  of  sense,  and  water  was  decomposed  slowly  by  wires  from  the  exlremitiPS  j 
)  The  wire  from  the  end  toward  which  the  oxydating  surfaces  were  directed  j 

<  evolved  hydrogen,  and  the  other  oxygen. 

To  determine  whether  the  evolution  of  the  electric  current  was  dependant  ( 
m  the  production  of  oxydation,  or  would  attend  other  chemical  effects  prodnci-  / 
\  bie  by  the  action  of  substances  in  solution  upon  metal,  the  oxydating  liquid  ( 
J  was  now  replaced  by  solutions  of  the  sulphurets,  and  metallic  plates  were  se 
)  lected  on  which  these  solutions  would  exert  a  chemical  action.     Silver,  copper 
[  and  lead,  were  tried  in  this  way.     Solution  of  sulphuret  of  potash  wi 


*  The  relatiTe  ooadocling  power  of  the  metols  lias  m 
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J  the  cells  0,  anil  pure  water  in  L,     A  series  of  eight  metallic  plates  prociucetl 

sensible  effects.     Copper  was  the  most  active  of  the  metals  tried,  and  lead  the 

i  least  so.     In  lliese  cases,  the  terminal  wires  produced,  in  the  usual  manner, 

{  the  decomposition  of  water,  the  wire  from  which  hydrogen  was  evolved  being 

J  that  which  was  connected  with  the  end  of  the  series  to  which  the  surfaces  of 

he  metal  not  chemically  acted  on  were  presented. 

It  will  be  observed  that  in  this  case  the  direction  of  the  electric  ciinent 


e  of  the  former, 
f  h    pi        looked  toward 


I  relatively  to  the  surfaces  of  the  metallic  pli 
i  When  oxydation  was  produced,  the  oxyd 

alive  end  of  the  series.      Comp        g    n  n  jjavy  was  urn 

I  by  analogy  to  suspect  that  if  the  cells  0  fill  d  w  h  xydating  solu- 

tion, while  the  cells  I.  were  filled  witl  1  f      Iph         or  any  other 

;  which  would  produce  a  like  chemical  h        mb      d    ff    t  of  the  cur- 

s  proceeding  from  the  two  distinct    h  1  p  w    Id  be  obtained, 

J  This  was  accordingly  tried,  and  the  re    1  f  The  acid  solu- 

I  placed  in  the  cells  0,  and  th        Iph  h        11    L.     A  series, 

\  consisting  of  three  plates  of  copper  or     !  rr        d        h     way,  produced 

"  ■     effects ;  and   twelve   or  thirt         d         pi  apidly.     The 

\  oxydating  sides  of  the  metal  looked  to  the  negative  end  of  the  series. 

As  it  appeared  from  former  experiments  the  charcoal  possessed,  as  a  Voltaic 
i  agent,  the  same  properties  as  the  metals,  the  next  step  in  this  course  of  ex- 
j  periments  was  naturally  to  try  whether  a  Voltaic  arrangement  could  not  be 
5  constructed  without  any  metallic  element,  by  substituting  charcoal  for  the  me- 
"  c  plates  in  the  series  above  described.  This  was  accomplished  by  means 
n  arrangement  in  the  form  of  the  eouronne  des  lasses.  Pieces  of  charcoal, 
)  made  from  very  dense  wood,  were  formed  into  arcs ;  and  the  liquids  0  and  L 
)  were  arranged  in  alternate  glasses,  as  represented  in  fig.  2.  The  charcoal 
Fig,  2, 


res  C  were  placed  so  as  to  have  one  end  immersed  in  each  liquid,  the  inter- 
lediate  glasses  being  connected  by  slips  of  bibulous  paper  P.     When  the  J 
\  liquid  0  was  dilute  acid,  and  L  water,  a  series  consisting  of  twenty  pieces 
I  charcoal   gave  sensible  shocks,  and  decomposed  water.     This  arrangement  C 
\  also  acted,  and  with  increased  intensity,  when  the  liquid  0  was  sulphuric  acid, 
J  and  L  was  solution  of  sulphuret  of  potash. 

The  connexion  of  chemical  change  with  the  production  of  electricity  ii 
f  pile,  was  too  obvious  not  to  attract  the  attention  of  other  philosophers.     Pepys  ( 
\  in  England,  and  MM.  Biot  and  Frederic  Cuvier  in  France,  investigated  the  > 
5  effect  produced  by  the  pile  on  the  atmosphere  in  which  it  was  placed.     The  { 
j  former  placed  the  pile  in  an  atmosphere  of  oxygen,  and  found  that  in 
5  course  of  a  night  200  cubic  inches  of  the  gas  had  been  absorbed.     In  a 
\  mosphere  of  azote  the  pile  had  no  action.     MM.  Biot  and  Cuvier  also  observed  ) 
5  the  quantity  of  oxygen  absorbed,  and  inferred  from  their  experiments  that  j 
\  "  ahhough,  strictly  speaking,  the  evolution  of  electricity  in  the  pile  was  pro-  j 
I  duced  by  oxydation,  the  share  which  this  had  in  producing  the  effects  of  the  { 
(  instrument  bore  no  comparison  with  that  which  was  due  to  the  contact  of  the 
I  metals,  the  extremity  of  the  series  being  in  communication  with  the  ground." 
\       Dr.  Wollaston  and  Gautherot,  on  the  other  hand,  reproduced  the  principle 
advanced  by  Fabroni  and  Creve,     Wollaston  maintained  that  chemical  action  < 
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waa  not  only  the  source  of  the  electricity  of  the  pile,  but  also -of  the  common 
electrical  machine.  He  showed  that  by  conveyiog  the  electricity  of  the  ma- 
chine 1o  gold  wires  terminated  in  extremely  fine  points  the  decomposition  of 
waier  could  be  effected,  and  that  the  phenomenon  was  the  same  as  when  the 
decomposition  was  effected  by  Voltaic  wires.  He  maintained  that  the  friction  j 
of  the  rubber  was  attended  with  oxydation,  and  showed  that  the  machine  waa 
ineffective  in  an  atmosphere  of  dry  hydrogen,  or  any  other  gas  in  which  chem- 
ical action  was  not  produced. 

If  an  oblong  slip  of  wet  paper  hare  its  extremities  in  contact  with  the  poles 
of  a  Voltaic  pile,  each  half  of  the  sUp  will  be  electrified ;  that  which  is  in  con- 
tact with  the  positive  pole  will  be  positively  electrified,  and  that  which  is  in 
contact  with  the  negative  pole  will  be  negatively  electrified.  If  it  be  removed  J 
from  contact  with  the  pile  by  a  rod  of  glass,  or  other  non-conductor,  its  elec 
state  will  continue.  This  means  of  producing  electrical  polarity  was  observed  J 
by  Volta,  and  about  the  same  time  by  Erhman. 

This  fact  suggested  to  Ritter  the  idea  of  his  secondary  pile,  which  consisted  > 
of  a  series  of  disks  of  a  single  metal  alternated  with  cloth  or  card,  moistened  < 
in  a  liquid  by  which  the  metal  would  not  be  affected  chemically.  If  such  a 
pile  have  its  extremities  put  in  connexion  by  conducting  substances  with  the  j 
poles  of  an  insulated  Voltaic  pile,  it  will  receive  a  charge  of  electricity  ii 
manner  similar  lo  the  band  of  wet  paper,  one  half  taking  a  positive  and  the  j 
other  a  negative  charge ;  and  after  its  connexion  with  the  primary  pile 
been  broken,  it  will  retain  the  charge  it  has  thus  received.  The  secondary  J 
pile,  while  it  retains  its  charge,  produces  the  same  physiological  and  chemical  > 
effects  as  the  Voltaic  apparatus. 

The  polarity  which  the  band  of  wet  paper  and  the  secondary  pile  acquire  i 
by  their  temporary  contact  with  the  ends  of  a  Voltaic  apparatus,  is  a  conse- 
quence of  their  imperfect  conducting  power.     The  electricity  of  each  species  S 
appears  to  force  its  way  through  the  imperfect  conductor  till  the  two  opposite 
currents  meet  in  the  centre. 

At  the  time  of  the  discovery  of  the  secondary  piles,  it  was  known  that  a  piece 
of  metallic  wire,  the  ends  of  which  had  been  placed  in  contact  with  the  poles 
of  a  Voltaic  pile,  does  not  instantly  recover  its  natural  state  when  its  contact 
■with  the  pile  is  broken. 

From  the  experiments  of  Davy  and  others,  it  appeared  that  if  a  ci 
tion  was  made  between  the  poles  of  an  insulated  pile  and  two  giasse 
so  that  the  water  in  the  one  would  be  charged  with  positive,  and  the  other  { 
with  negative  electricity,  a  metallic  wire  connecting  the  two  portions  of  watei 
would  evolve  oxygen  gas  at  one  point,  and  hydrogen  at  the  other.  If,  under 
such  circumstances,  the  connexion  of  the  glasses  with  the  pile  be  suddenly  S 
broken,  the  action  of  the  wire  will  nevertheless  continue  for  some  time,  but  its  < 
effects  will  be  reversed ;  iho  point  which  before  disengaged  hydrogen  will  5 
now  disengage  oxygen,  and  vice  versa.  It  appears,  therefore,  that  the  sudden  J 
suspension  of  the  action  of  the  pile  has  the  effect  of  reversing  the  direction  of  S 
the  electric  current  which  passes  through  the  wire."  .  \ 

The  continuance  of  the  electric  state  of  a  wire  which  had  been  used  to  con-  I 
nect  the  poles  of  a  pile  a/ter  its  separation  from  the  pile  was  also  demonstrated  i 
by  Oersted,  who  showed  its  effect  on  the  organs  of  a  frog.t  The  same  effect  \ 
was  produced  by  a  wire  through  which  the  current  of  a  powerful  electrical  J 
machine  had  been  transmitted.  } 

From  the  chemical  effects  of  the  pile,  Davy  turned  his  attention  to  its  calor-  I 
ific  powers.     The  means  of  experimental  investigation  placed  at  his  disposal  ? 
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were  enlarged  by  ihe  apparains  of  the  laboratory  of  the  Eo\^l  In'i  itution  ' 
which  was  now  utider  his  direotion.  The  "Voltaic  appara  us  consisted  of  \ 
a  series  of  150  pairs  of  four-inch  plates  of  zinc  and  copper  anl  a  series  } 
of  50  pairs  of  zinc  and  silver  of  the  same  magnitude.  The  plates  m 
cemented  into  four  troughs  of  wood,  according  lo  the  method  proposed  by  J 
Cruickshank.  Another  apparatus  was  provided,  consisting  of  a  series  of  ( 
twenty  pairs  of  thirteen-inch  plates  of  zinc  and  copper. 

With  the  batteries  of  the  smaller  plates  he  repeated  some  of  the  e\periments  \ 
on  the  production  of  the  spark,  and  the  combustion  of  the  metals  which  had  ) 
already  been  made.  When  the  poles  consisted  of  two  knobs  ol  brass  ilie  \ 
spark  which  attended  the  discharge  was  of  dazzling  brightness  and  one  eighth  J 
of  an  inch  in  apparent  diameter.  Between  pieces  of  charcoal  it  had  a  vivid  ? 
whiteness,  and  the  charcoal  remained  red-hot  for  some  time  after  the  con 
was  broken,  and  threw  off  bright  coruscations.  The  current  passing  through  \ 
steel  wire  y-^oth  of  an  inch  in  diameter,  rendered  it  white-hot  and  caused  it  ) 
to  burn  with  great  splendor.  Gold,  silver,  copper,  tin,  lead  and  zinc  were  f 
also  burnt.     Platinum  in  thin  slips  was  rendered  white-hot  and  fused 

Fourcroy,  VauqaeJin,  and  Thenard,  had  investigated  the  different  effects  pro-  i 
daced  by  enlarging  the  plates  of  a  battery,  and  by  increasing  their  number.  > 
They  demonstrated  that  the  power  of  the  apparatus  to  heat  and  ignite  metallic  j 
substances  was  augmented  by  enlarging  the  plates,  without  increasing  their  > 
number ;  but  that  no  increase  of  power  to  decompose  water,  or  to  produce  ' 
shock,  ensued.  The  calorific  power,  therefore,  appeared  to  depend,  cmUris , 
Tibus,  on  the  magnitude  of  the  plates,  while  the  chemical  and  physiological  J 
power  depended  on  their  number.  ) 

The  battery  of  thirteen-inch  plates  was  tried  successively  with  pure  water,  \ 
a  solution  of  common  salt,  and  dilute  nitric  acid.  With  water  its  effects  w 
feeble,  with  the  solution  of  salt  they  were  much  more  considerable,  and  w 
still  more  energetic  with  nitric  acid.  With  the  last,  three  inches  of  iron  w 
Y^^th  of  an  inch  in  diameter,  were  rendered  white  hot,  and  two  inches  of  the  \ 
same  wire  were  fused.  The  action  of  the  water,  feeble  as  it  was,  was 
cribed  to  the  air  and  saline  matter  it  held  in  solution  ;  and  it  was  judged  from  ( 
'analogy  that  water  perfectly  purged  of  air  and  free  from  all  saline  substances,  ' 
would  have  no  Voltaic  action.  A  pile  of  thirty-sis  pairs  of  five-inch  ph 
lost  its  activity  in  an  atmosphere  of  azote  and  hydrogen  in  about  two  da 
and  its  power  was  constantly  restored  by  common  air,  and  rendered  more 
tense  by  oxygen  gas. 

When  two  pieces  of  well-burnt  charcoal,  or  a  piece  of  charcoal  and  a  i 
tallic  wire,  are  connected  with  the  apparatus  and  immersed  in  water,  on  c< 
pleling  the  circuit,  gas  was  abundantly  evolved,  and  the  points  of  the  charcoal  \ 
appeared  red  hot  for  some  lime  after  the  contact  was  made.     Sparks  were  also 
produced  by  means  of  charcoal  points  immersed  in  concentrated  nitre  and  sul- 
phuric acids.     When  two  charcoal  points  acted  in  water,  the  gaseous  products  > 
consisted  of  one  eighth  carbonic  acid,  one  eighth  oxygen,  and  one  eighth  ir 
flammable  gas,  apparently  hydrogen.    The  gases  produced  by  a  similar  proces 
from  alcohol,  ether,  and  dilute  sulphuric  acid,  were  also  a  mixture  of  oxygen  J 
and  hydrogen.      In  all  these  cases  it   appeared   that  the    gases   proceeded  J 
chiefly  from  the  decomposition  of  the  water  contained  in  the  several  solutions.  < 

The  effects  of  the  ignition  of  charcoal  in  muriatic  acid  confined  over  mer-  \ 
cury,  were  next  tried.  The  charcoal  being  kept  whitehot  for  nearly  two  hours,  i 
the  gas  was  very  little  reduced  in  volume,  and  the  charcoal  was  not  sensibly  i 
When  the  gas  was  examined,  three  fourths  of  it  were  absorbed  by  ( 
and  the  remainder  was  inflammable.* 

•  Davy'8  Works,  vol.  ii.,  p.  S14.    London,  1839, 
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Of  the  theories  proposed  at  this  early  period  of  the  experimental  inquiry  t( 
\  explain  chemical  decomposition  by  the  Voltaic  apparatus,  that  of  Grotthtis  wa: 
J  the  earliest  and  most  plausible.  To  simplify  the  viqw  of  this  theory,  we  shall  \ 
\  take  as  an  example  of  its  application  the  decomposition  of  water.  Each  mo 
J  lecule  of  water  being  composed  of  a  molecule  of  oxygen  and  a  molecule  o 
5  hydrogen,  their  natural  electricities  are  in  equilibrium  when  not  exposed  to  a,ii 
"  urbing  force,  each  possessing  equal  quantities  of  the  positive  and  negaliv 
5  fluids.     The  electricity  of  the  positive  wire  acting  by  induction  on  the  natural  j 

>  electricities  of  the  contiguous  molecule  of  water,  attracts  the  negative  and  r 
(  pels  the  positive  fluid.     It  is  further  assumed  in  this  theory,  that  oxygen  has 

latural  attraction  for  negative,  and  hydrogen  for  positive  electricity  ;  therefo 
{  the  positive  wire  in  attracting  the  nogati»e  fluid  of  the  contiguous  molecule  of  < 
r,  and  repelling  its  positive  fluid,  attracts  its  constituent  molecule  of  oxy- 
and  repels  its  molecule  of  hydrogen.     The  particle  of  water,  therefore, 
S  places  itself  with  its  oxygen  next  the  positive  wire,  and  its  hydrogen  on 
(  opposite  side.     The  positive  electricity  of  the  first  particle  of  water  thus  ai 
j  mulated  on  its  hydrogen  molecule,  produces  the  same  action  on  the  succeei     _ 
(  molecule  of  water  as  the  wire  did  upon  the  first  molecule ;  and  a  similar  ar-  } 
)  rangement  of  the  second  molecule  of  water  is  efl'ected.     This  second  molec 

<  acts  in  like  manner  on  the  third,  and  so  on.  All  the  particles  of  water  between  J 
J  the  positive  and  negative  wires  thus  assume  a  polar  arrangement,  and  have  I 
i  their  natural  electricities  decomposed ;  the  negative  poles  and  oxygen  molecules 

>  looking  toward  the  positive  wire,  and  the  positive  poles  and  hydrogen  mole- 

<  cules  looking  toward  the  negative  wire.     The  attraction  of  the  positive  wire 

I  now  separates  the  oxygen  molecule  of  the  contiguous  particle  of  water  from  I 
\  its  hydrogen  molecule,  neutralizes  its  negative  electricity,  and  either  dismisses  J 
J  it  in  the  gaseous  form,  or  combines  with  it,  according  to  the  degree  of  the  af-  i 

<  finity  of  the  metal  of  the  wire  for  oxygen.  The  hydrogen  molecule  thus  liber-  ' 
I  ated  effects  in  like  manner  the  decomposition  of  the  second  particle  of  wate 

mbining  with  its  oxygen,  and  thus  again  forming  water  and  dismissing  i 
\  hydrogen.     The  latter  acts  in  the  same  manner  on  the  next  particle  of  wate 
'  BO  on.     Thus,  a  series  of  decompositions  and  recompositions  are  supposed  ) 
e  carried  on  through  the  fluid,  until  the  process  reaches  the  particle  of  w 
}  ter  contiguous  to  the  negative  wire,  and  the  molecule  of  hydrogen  there  disen- 
(  gaged  gives  rip  its  positive  electricity,  by  which  an  equal  portion  of  negative  I 
S  electricity  proceeding  from  the  wire  is  neutralized,  and  the  molecule  of  hydro-  , 
I  gen  escapes  in  the  gaseous  form.     It  is  equally  compatible  with  this  theory  to  J 
\  suppose  the  series  of  decompositions  and  recompositions  to  commence  a 

legative  and  terminate  at  the  positive  wire,  or  to  commence  siinulianeously  at  ( 
J  both,  and  terminate  at  any  intermediate  point  by  the  union  of  the  last  molecule  f 
i  of  oxygen  disengaged  in  the  one  series  with  the  last  molecule  of  hydrogen  i 
J  disengaged  in  the  other.  ( 

\  Grotthus  illustrated  this  ingenious  hypothesis  by  comparing  the  supposed  J 
I  phenomena  with  the  mechanical  eff'ects  produced  whevi  a  number  of  elastic  < 
}  balls — ivory  balls  for  example— being  suspended  so  that  their  centres  shall  be  ii 
)  the  same  straight  line,  and  their  surfaces  mutually  touch,  either  of  tlie  extremi 
\  balls  of  the  series  being  raised  and  let  fall  against  the  adjacent  one,  the  effect  j 
i  is  propagated  through  the  series,  and  the  last  ball  alone  recoils  in  consequence  ) 
\  of  the  impact ;  and  although  the  action  and  reaction  are  sufi'ered  by  each  ball  J 
i  of  the  series,  and  each  is  instrumental  in  transmitting  the  effect,  no  visible  { 
I  change  takes  place  in  any  ball  except  the  last,  and  the  effect  is  continued  by  ' 
f  the  alternate  action  of  the  extreme  balls  until  the  motion  is  gradually  slopped  ) 
i  by  the  resistance  of  the  air,  and  other  external  causes.  5 

The  experiments  of  Davy,  which  have  been  already  mentioned,  were  only  { 
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(  the  prelude  10  a  brilliant  series  of  discoveries,  the  commencement  of  which  [ 
j  burst  upon  the  scientific  world  in  liis  Bakerian  Lecture  for  the  year  1806.     As  f 

n  as  the  spendid  results  detailed  in  that  paper  became  known  in  France, 
)  the  members  of  the  Institute,   rising   superior  to   the   feelings  of  national  ani- 
{  mosity  which  at  that  time  unhappily  prevailed,  unanimously  conferred  upon  its 
)  distinguished  author  the  prize  which  had  been  established  by  Napoleon  for  the  j 
J  best  experiments  on  Voltaic  electricity.* 

The  genius,  address,  and  perseverance  of  him  whose  vocation  is  to  investi- 
J  gate  the  laws  of  naturp,  are  not  always  confined  to  the  grateful  labor  of  devel- 
S  oping  truths.     The  extirpation  of  error  is  a  task  which,  while  it  demands  the  J 


e  of  equally  exalted  powers,  i 
}  rounds  the  discovery  of  natural  harm 


)  it  necessary  to  clear  from  his  path  c 
5  ceived,  errors,  by  which  his  progress 


r  rewarded  by  that  eclat  which  si 
s  before  unobserved  and  unsuspected.  ' 
searches  now  referred  to,  Davy  found  J 
1  difficulties,  and,  as  he  rightly  con- 
s  obstructed. 
When  the  decomposing  powers  of  the  pile  were  first  exhibited,  the  excite- 
nent  attending  a  discovery  so  nnlooked  for  preveuted  the  details  of  the  experi- 
nents  from  receiving  all  the  attention  to  which  they  were  entitled.     When  the  J 


J  circumstances  attendin     h    d 
\  submitted  to  closer  exam 

f  an  acid  always  exis    d       h    j 
n  alkali  at  the  other  p  1         I 
oik  might  be  supposed      h  Id 
reate  no  surprise  ;  bu    h  y  w 


te    by   ] 


liyi, 


pyre.     Mr.  Cruickshank      pi       d    h      by    upp  h  d 

acid,  proceeding  from  h       mb  f   h  f  1  m 

solution  by  the  water  w  h  h        yg  Id        h     p 

alkali  to  be  ammonia,  p  d    g  1     m    h         ml  h 

with  the  hydrogen  evoi     d       h         g  w  D       m       m 

the  acid  was  muriatic ;       d  Brug       11    h        w  ^        g 

ced  by  the  combination    f  p  1  7         1  f    h 

water,  and  called  it  d^  J       S  m  d   1       1 

acid  and  alkali  came  o       fmhlqd        d        hVl         pp 
undiscovered  manner  alghw  d  hdp        d 

and  others  held  that  it  g  d  f   h      1  f    h 

taic  action.     An  article  w     p  bl   h  d       h       Ph  1      ph     I  M 


by  V  i 
t  by  J 


"  II  is  Blated  in  Ihe  Memni  D  vy       D  [  ]  w 

Irieity  which  should  be  made  in  each.year.  The  same  Btaleinent  is  made  iu  a  aoie  hy  ihe  edito 
the  fifth  Toluine  of  Davy's  Worka  (p.  56),  edited  by  his  brother,  Dr.  John  Davy:  "  Tlie  minor  pi... 
of  3,000  frEDCH,  fbnnded  hy  Napoleon  when  lirel  consul,  for  the  moat  imporianl  result  in  elecltical  J 
research  during  each  year,  was  awscded  by  llie  InedtDte  to  the  aalhor  for  th>9  paper:  the  principal  f 
prize  of  dO.OOU  francs,  of  which  Ihe  preceding  was  only  the  interest,  hi  ihe  opinion  of  ihe  b<   ' 

SOS  decontertcs,  fera  il  faire  i  relectriciie  et  an  galvanisme  nn  paa  comparabla  acela  qn'oatfi_ 
faire  I  ces  sciences  Franklin  et  Vo»a.'      Thus  the  writer  m  the  auarterly  Beview  already  referred  ( 
to  remarks.  '  It  waa  only  questioned  by  tlioao  who  were  capable  of  appreciating  its  importance,    ' 
whether  they  acted  with  siiict  impartiality  in  assigning  lo  him  the  annual  interest  only,  whei   ' 
appeared  u>  have  a  fair  claim  to  the  principal.'  " 

On  the  other  hand,  tlie  French  wnlBra  on  electricity  claim  the  merit  of  havinf;  Biven  Davy  the  < 
higher  priie  :   "  Lea  grandea  dicoavertea,"  aays  Becquerel  (torn,  i.,  p.  16S),  ■'  dont  Davy  avail  en- 
riclii  la  science  feleetro-chemiqne.  le  placaierd  bors  de  ligiie  avec  las  autrea  physiciens  qui  avaient 
narcouru  la  mSme  carri^re  depuia  Volta  i  aussi,  I'lnstitut  lui  deeerna-t-il  le  prIx  da  eO,OOOf  qui  avail 

devoltaetde  Galvani."    Whether  Davy  received  the  higherorthe  lowcrprlze  (we  believe  it 
was  the  lowerj,  it  is  evideat  that  the  French  acieatifio  anthonties  now  thmk  be  was  entitled  lo  the  ) 
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■.  Peel,  of  Cambridge,  containing  an  account  of  an  experiment  in  which  ( 

»ater  ihat  remained,  after  a  largH  portion  had  been  decomposed  hy  the  pile,  ' 

I  yielded  on  evaporation  muriate  of  soda,  although  the  water  used  in  the  experi-  , 

it  had  been  distilled  with  every  precaution  necessary  to  free  it  from  impu-  ' 

IS.     On  inquiry  being  made  at  Cambridge,  no  person  corresponding  with  ) 

name  and  address  of  the  professed  author  could  be  found  ;  and  the  state-  J 

j  ment  was  concluded  to  be  a  mere  attempt  to  practise  on  the  credulity  of  the  ) 

}  scientific  world,  when  the  surprise  was  revived  by  the  publication  of  esperi-  S 
3  actually  made  by  Professor  PaccMoni  t  of  Piaa,  in  which  the  same 

s  attained  as  was  stated  in  the  pretended  Cambridge  experiment.     Syl-  i 


(  vesier  bi 

vhh.  Pacchioni,  to  the  oxydation 

I  higher,  and  on  the  other  in  a  lower  Aegref 

?uch  were  the  confusion  and  obscurity 

s  involved  on  the  subject  of  the  Vohai' 

J  question  was  taken  up  by  Davy.     In  com! 

a  early  period  ihe  presence  of  an  acid  a 

)  of  decomposition  ;  but  states,  that,  so  early 


ascribed  the  supposed  effects, 
of  hydrogen,  on  the  one  hand  in 
than  that  which  forms  water, 
n  which  the  community  of  scieni 

decomposition  of  water,  when  the  ( 
ion  with   others,  he  had  observed  at  J 
id  alkali  in  water  under  the  process 
1800,  he  concluded  from  h' 


periments  that  the  acid  proceeded  from  the  animal  and  vegetable  substances  ( 
which  he  employed,  and  that  the  alkali  arose  from  the  corrosion  of  the  glass 
vessels  in  which  the  experiment  was  conducted.  Similar  inferences  were 
made  by  the  Galvanic  Society  of  Paris,  by  MM.  Biot  and  Th6nard,  and  by  Dr. 
WoUaston  ;  the  last  of  whom  removed  one  of  the  sources  of  these  disturbing  { 
elements  by  the  happy  expedient  of  connecting  the  positive  and  negative  por- 
tions of  water  by  a  piece  of  well-washed  asbestos. 

The  investigation  now  undertaken  by  Davy  was  commenced  by  decompo- 
sing distilled  water  in  two  small  cups  of  agate,  P  N  (fig.  3),  connected  by  a 

Fig.  3. 


piece  of  white  transparent  anianlhua  \.  Fl 
160  pairs  of  four-mch  plates  «ere  connected 
being  immersed  m  the  cup  P,  and  the  negatn 
had  been  continued  for  forty-eight  hours,  the 
idden  litmus  paper,  and  turmeric  paper 


e  wires  of  the  Voltaic  battery  of  { 
with  the  water,  the  positive  wire  j 
e  wir«  in  N.  After  the  process  ( 
vater  m  the  cup  P  was  found  t< 
affected  by  the  water  i 


appeared,  therefore,  and  further  experiment  confirmed  the  indication,  that  a 
was  present  in  the  positive  water,  and  alkali  m  the  negative. 


y  Google 


This  result,  after  all  the  precautions  which  had  been  taken,  was  quite  unex- 
pected, and,  as  may  be  imagined,  gave  not  a  little  sutpriae  to  the  experimenter. 
Still  he  did  not  for  a  moment  entertain  any  of  the  speculations  of  the  genera- 
tion of  these  substances  in  the  water.     His  next  step  was  to  repeat  the  exper- 
iment with  glass  instead  of  agate  cupa,  using  the  same  quantities  of  the  same 
water,  and  exposing  them  for  the  same  time  to  the  action  of  the  sume  battery.  S 
He  argued,  that  if  the  cause  lay  in  the  water,  the  effects  would  be  the  sar 
but  that  if  the  cups  had  any  share  in  producing  them,  they  might  be  expected  J 
to  be  different.     The  result  confirmed  hia  anticipation.     The  alkali  was  pro-  J 
duced  in  the  cup  N  in  quantity  twenty  timea  as  great  as  with  the  agate  cups,  ) 
but  there  was  no  trace  of  the  acid.    The  experiments  were  then  repealed  sev- 
eral  times  with  the  agate  cnps,  when  the  acid  and  alkali  reappeared  in  quanti- 
ties, which,  when  compared  with  each  other  and  with  the  result  of  the  experi- 
ment with  glass  cups,  left  no  doubt  that  the  agate  cups  themselves  had  been 
the  chief  if  not  the  only  source  of  the  acid,  and,  in  a  consider^le  degree,  of 
the  alkali  also.     Still  it  was  impossible  to  ascribe  the  effects  altogether  to  the 
material  of  the  cups ;  and  he  was  impressed  with  the  suspicion  that  the  water 
itself,  notwithstanding  its  careful  distillation,  must  have  held  more  or  less  alka-  ? 
line  matter  in  solution.     It  was  known  that  the  usual  tests  would  fail  to  indi-  J 
cate  the  presence  of  alkaline  impurities  when  their  proportion  in  water  w. 
under  a  certain  limit ;  and  the  New  river  water,  which  he  used,  contained  a 
imal  and  vegetable  impurities,  which  might  furnish  neutral  salts  capable  of  be-  ? 
ing  carried  over  in  the  process  of  distillation. 

The  agate  cups  were  now  replaced  by  two  conical  cups  of  pure  gold  (fig.  4), 


each  containing  about  twenty-five  grains  of  water.     Distilled  water  in  these  J 
was  exposed  to  the  action  of  a  battery  of  iOO  pairs  of  six-inch  plates.     In  tt 
minutes  indications  of  acid  and  alkali  were  formed  in  the  cups  D  and  N  r 
spectively.     The  process  was  continued  for  fourteen  hours,  during  the  whole  I 
of  which  time  the  acid  increased  in  the  cup  D.     The  same  increase  was  : 
however,  observed  in  the  alkali  in  the  cup  N  ;  on  the  contrary,  it  reached 
maximum  state  in  a  short  time,  and  continued  without  increase  afterward, 
heating  the  cup  N,  the  alkali  diminished,  but  could  not  be  altogether  dismiss 

These  experiments  being  repeated  with  similar  results,  it  became  apparent  ) 
that  the  source  of  the  acid  and  alkali  must  exist  in  the  water  itself,  and  ni 
either  have  arisen  from  saline  matter  remaining  in  solution  in  the  water  a 
distillation,  or  have  been  produced  by  the  azote,  which  exists  in  minute  por-  } 
tions  in  all  water  exposed  to  the  air.     The  latter  supposition  would  not  be  * 
compatible  with  the  circumstance  of  the  alkali  speedily  attaining  a  maximi 
since  the  continued  absorption  of  azote  from  the  atmosphere  by  the  water  would  J 
be  stopped  when  the  latter  would  become  charged  with  hydrogen. 

The  former  supposition  was  adopted,  and  it  was  determined  to  submit  the  ; 
water  which  had  been  used  in  the  last  experiments  to  slow  redistillation. 
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i  accordingly  evaporated  mas: 
1  tahni  residuum  uai  obtained  v. 


ver  siiU  al  a  tempera 
iirhin^   feifn  tenth    of 

Tiie  gold  cup-i  \.ere  now  again  fillel  with  ihe  water  thus  purified  and  ex 
posed  to  the  "\oltaic  action  Alter  two  hours  the  cup  N  failei  lo  show  any 
alkaline  tflect  on  turmerio  paper  By  very  minute  ob^cmtion  its  effect  ou 
the  more  delicate  test  of  litmus  was  perceivable  ,  but  this  disappeared  by  the  | 
application  of  heat  and  was  therefore,  ascnbed  to  ammonii  produced  b\  the  , 
combination  of  the  small  quantity  of  azote  contained  in  the  water  with  the  | 
nascent  hydroRen 

Finally,  in  order  to  insulate  the  results  from  the  disturbing  effects  of  the  sur- 
rounding atmosphere,  the  gold  cups  containing  the  purified  water  were  placed 
under  the  receiver  of  an  air-pump,  which  was  exhausted  until  the  gauge  stood 
at  half  an  inch.  Hydrogen  gas  was  then  introduced  under  the  receiver,  which, 
,  mixed  with  the  very  minute  portion  of  atmospheric  air  which  had  remained, 
was  again  withdrawn  by  the  pump.  Pure  hydrogen  gas  was  now  once  more 
introduced  around  the  cups,  which  being  placed  in  conneidon  with  the  Voltaic 
apparatus,  were  suffered  to  remain  under  its  action  for  twenty-four  hours,  at  the 
end  of  which  time  neither  of  the  portions  of  the  water  altered  in  the  slightest 
degree  the  tint  of  litmus. 

Thus  were  dispelled  the  speculations  on  the  power  of  electricity  10  generate 
new  pnnciples  in  water ;  and  by  eliminating  the  disturbing  action  of  other 
■  causes,  the  decomposing  power  of  the  pile  upon  a  binary  compound  was  pre- 
sented in  a  manner  fitted  for  theoretical  investigation. 

If  chance  occasionally  deprives  the  philosopher  of  the  merit  of  discovery  by 
throwing  lacts  under  his  feet,  an  ample  field  for  the  exercise  of  his  sagacity 
remains  m  the  due  appreciation  of  the  innumerable  effects  which  are  incidental 
to  his  experimental  researches  ;  to  seize  which  as  they  arise,  to  pursue  them 
through  their  consequences,  to  strip  them  of  the  Protean  disguises  which  they 
borrow  from  other  phenomena  with  which  they  become  related,  to  expand  them 
by  comparison  and  generalization  into  comprehensive  natural  laws,  is  the  prov- 
ince of  the  highest  powers  of  philosophical  inquiry.  Never  was  this  felicitous 
instinct  more  conspicuous  than  in  the  mind  of  Davy,  No  effect,  however  mi- 
nute or  accidental  it  might  apparently  be,  presenting  itself  in  his  experiments, 
escaped  his  vigilance,  if  it  offered  the  least  clue  to  further  discovery.  In  the 
course  of  the  experiments  just  noticed,  he  found  himself  embarrassed  by  the 
disturbing  action  of  the  Voltaic  wires  on  the  material  of  the  vessels  containing 
the  liquid,  which  was  the  immediate  object  of  his  attention, 
after  another  was  put  aside  to  get  rid  of  this  effect ;  but  the  fad 
looked  or  forgotten      It  proved  the  germ  of  a  vast  discovery. 

The  negative  wire  effected  a  partial  decomposition  of  the  gl 
cups,  and  brought  a  portion  of  their  constituents  into  solution  in  1 
tamed  in  them  Might  not  a  power,  which  thus  subdued  affinitii 
as  those  which  produce  the  aggregation  of  substances  so  insolubli 
glass,  be  brought  to  bear  on  other  similar  bodies,  and  perchance  resolve 
their  components  substances  now  considered  simple  and  elementary  1  As  a 
liist  trnl  of  the  decomposition  of  insoluble  or  difficultly-soluble  bodies,  cups 
were  formed  of  wai,  resin,  marble,  argillaceous  schist  from  Cornwall,  serpen- 
tine from  the  Lizard,  and  gra\wac!te.  Being  filled  with  purified  water*  in  the 
same  manner  as  in  the  experiments  above  described,  decomposition  was  in  all 
cases  effected  and  saline  matter  evolved. 

Pursuing  this  ini  eBtigatum  he  successively  decomposed  by  the  same  pro- 

By  piinfied  water  m  all  tlie  following  PxperimentB  is  10  be  understood  water  rendered  ohemi- 


;  materia 


s  and  agate 
water  con- 
so  stubborn  ) 
s  agate  and  j 


cdlypt 


;bj  tl 
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s  sulphate  of  lime,  sulphate  of  strontia,  fluate  of  lime,  sulphate  of  baryta,  ] 

[  and  other  insoluble  salts,  and  in  each  case  obtained  llie  acid  in  the  positiTe  ' 

S  and  the  base  in  the  negative  cup.     Certain  mineral  substances,  such  as  basalt,  ! 

(  zeolite,  and  vitreous  lava  from  ^tna,  were  examined  ;  and  although  the  saline  J 

ngredients  in  some  cases  prevailed  in  extremely  minute  proportions,  their  ) 

jresonce  was,  nevertheless,  distinctly  manifested.     The  soluble  compounds, 

such  as  sulphate  and  nitrate  of  potash,  sulphate  and  phosphate  of  soda,  < 

jasily  decomposed,  and  the  results  were  the  same. 

The  metallic  salts  deposited  their  metallic  elements  in  crystals  on  the  nega- 
ive  wire,  round  which  the  oxide  was  also  deposited,  while  the  acid  w 
\  lected  in  the  positive  cup. 

These,  however,  were  only  the  first  and  least  important  of  the  consequences  ( 
)  of  the  idea  of  extending  the  principle  in  virtue  of  which  the  Voltaic  wire 
I  roded  ike  glass.     We  shall  dismiss  this  for  the  present,  to  consider  the 
leries  of  experiments  in  these  researches,  but  shall  resume  the  subject. 
From  many  of  his  own  experiments,  and  some  described  by  Gautherot, 
S  Hisinger,  Berzelius,  and  Ritter,  it  was  apparent  that  the  Voltaic  influence  wi 
J  capable  not  only  of  decomposing  compound  bodies,  but  also  of  transferring,  ( 
^he  term  may  be  permitted,  decanting  their  constituents  from  one  vessel  ti 
j  another.     The  series  of  experiments  which  follows  next  in  order  in  tl 
i  searches  was  directed  to  the  examination  of  the  limits  of  that  power,  and  the  \ 
!  efi'ects  attending  it  under  conditions  not  before  tried. 

When  the  substance  to  be  decomposed  was  insoluble,  it  was  formed  ii 

{  cup,  as  in  the  preceding  experiments,  and  water  contained  in  it  was  exposed  t( 

(  the  Voltaic  action.     Thus  let  A,  fig.  5,  be  an  agate  cup,  and  S  a  cup  made    ' 


i  the  substance  to  be  submitted  to  Voltaic  action.  Let  them  eich  be  Jilled  with 
j  purified  water,  and  connected  by  asbestos.  If  A  be  connected  with  the  po^i 
e  and  S  with  the  negative  wire,  it  was  expected  that  anj  acid  constituent 
j  which  may  be  in  the  substance  of  which  S  is  formed  would  pass  mto  A  which 
}  would  become  an  acid  solution,  and  appear  by  the  application  of  the  usual 
ts.  If,  on  the  other  hand,  A  be  connected  with  the  negative  and  S  with  the 
iitive  wire,  any  alkali  which  may  be  in  the  substance  of  which  S  is  formed 
s  expected  to  pass  into  A,  and  to  be  manifested  there  by  the  common  alka 

In  the  lirst  case  in  which  his  method  was  tried,  the  cup  ''was  formed  of 

(  sulphate  of  lime.     The  cup  A  was  connected  with  the  negatiie  and  S  with  the 

j  positive  wire.     With  a  battery  of  100  pair  of  plates,  die  water  in  A  was  in 

j  about  four  hours  converted  into  a  strong  solution  of  lime,  and  the  liquid  in  S 

rerted  into  sulpl«iric  acid.     When  the  cup  A  received  the  positive  and 

e  negative  wire,  the  effects  were  reversed.     In  that  case  the  water  m  A 

me  sulphuric  acid,  and  a  solution  of  lime  was  found  in  S 

Other  saline  cups  were  submitted  to  the  same  process  with  like  results    (he 

j  water  in  the  positive  cup  always  receiving  acid,  and  that  in  the  negative  cup 

ilass  were  connected  with  the  poles  of  the  battery      One  was 
[  filled  with  distilled  water,  and  the  other  with  a  saline  solution.     In  e^erycase 
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;  the  salt  was  decomposed,  the  base  passing  into  oi  remaining  in  the  iiegativi 
and  ihe  acid  in  ihe  positive  cup. 

The  time  required  for  these  transmissions  appeared  to  increase,  cipieris  par 
■  bits,  as  the  space  through  which  the  decomposed  elements  were  to  be  tran: 
[  .nitted  increased. 

i       To  determine  whether  the  action  of  tlie  metallic  wires  proceeding  from  the  ) 
\  Vohaic  battery  was  immediately  engaged  in  the  production  of  these  decompo-  I 
\  sitions,  the  next  experiments  were  arranged  so  that  the  electric  current  siioulJ  J 
{  be  transmitted  to  the  solution  to  be  decomposed  through  liquid  condoctora. 
J  For  this  purpose,  three  cups  (P,  I,  and  N,  fig.  6)  were  provided  ;  the  extreme 


ones  P  and  N  receiving  the  positive  and  negatne  wires  from  the  battery,  and  J 
the  cup  I  connected  with  tach  of  ihem  by  amianthus.  The  cups  P  and  N  < 
were  filled  with  purified  water,  and  the  solution  to  be  decomposed  was  put  into  j 
the  intermediate  cup  I.  In  eierj  case  the  acid  constituent  of  the  solution  was  ( 
decanted  into  P,  and  the  alkaline  mto.N.  Lest  the  amianthus  siphons  should  { 
have  any  mechanical  effect  on  the  transference  of  the  solution  between 
cups,  the  cupa  P  and  N  were  so  filled  that  the  surfaces  of  the  water  in  tl 
were  above  that  of  the  solution  in  I. 

As  it  was  now  abundantly  apparent  that  the  elements  of  the  decomposed  J 
substance  were  drawn  from  cup  N  through  the  interstices  of  the  siphons,  it  was  ) 
determined  to  try  how  far  this  decanting  power  could  be  carried  by  breaking  ( 
the  continuity  of  the  siphons,  and  rendering  it  impossible  for  the  decomposed  ) 
element  to  reach  its  destination  without  passing  through  an  intermediate  liquid. 
For  this  purpose,  the  three  cupa  being  arranged  as  before,  two  of  them,  P 
I,  were  filled  with  distilled  water,  the  water  in  I  being  tinged  with  litmus  ; 
the  negative  cup  N  was  filled  with  a  solution  of  the  sulphate  of  potash.     If  the  j 
energy  of  the  attraction  of  the  positive  wire  for  the  acid  constituent  of  the  salt  J 
were  sufSciently  strong  to  cause  it  to  pass  from  N  to  P,  through  the  liquid  i 
I,  it  was  naturally  expected  that,  on  its  route,  its  presence  in  I  would  be  rendered  S 
manifest  by  the  usual  effect  of  reddening   the  litmus.     The  acid  passed  from  \ 
N  to  P  through  I,  hot  without  being  manifested  in  I  by  any  redness  of  the  &■ 
lution. 

When  the  saline  solution  was  put  in  the  positive  ctip^,  and  the  purified  wat 
in  the  negative  cup  N.  the  water  in  I  being  tinged  with  turmeric,  the  alki 
passed  in  like  manner  from  P  to  N  without  producing  any  effect  on  the  col 
of  the  liquid  I. 

As  the  transmission  of  acid  or  alkali  by  means  of  the  electric  current  through  i 
water  tinged  with  vegetable  colors  was  effected  without  producing  any  sensible  j 
change  in  these  delicate  tests  of  their  presence,  it  was  conjectured  that,  wl 
in  this  state  ol'  transition,  or  electrical  progression,  the  chemical  elements  w 
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!'  deprived  of  their  wonted  properties,  and  thai  therefore  they  would  equally  p 
f  through  solutions  of  substances  for  which,  under  ordinary  circumstances,  they  i 
exhibit  a  strong  affinity,  that  affinity  being  rendered  dormant,  or  counteracted,  ( 
j  by  the  predominating  influence  of  the  electrical  attraction.  To  reduce  this  ) 
J  conjecture  to  the  test  of  experiment,  the  water  tinged  with  vegetable  colors  ii 
\  the  intermediate  cup  1  was  replaced  by  a  weak  solution  of  ammonia,  purified  ! 
sas  put  into  the  cup  P,  and  a  solution  of  the  sulphate  of  potash  in  the  \ 
I  cup  N.  The  sulphuric  acid,  attracted  by  the  positive  wiro,  could  only  reach  J 
5  the  cup  P  by  passing  through  the  solution  of  ammonia.     With  a  battery  of  1 50  j 

rs,  the  presence  of  the  acid  in  P  was  manifested  in  five  minutes  by  litmus  J 

>er.  In  half  an  hotir,  the  solution  in  P  became  sour  to  ihe  taste,  and  pre-  J 
j  cipitated  solution  of  nitrate  of  baryta.  Thus  the  sulphuric  acid  passed  through  ) 
S  the  solution  of  ammonia  in  I  without  producing  upon  it  any  chemical  change.  ( 

I  Solutions  of  lime,  potash,  and  soda, " '     '        >    .■..■■■■.      i 

}  results. 
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J  before,  and  sulphuric  acid  passed  from  the  negative  cup  on  lis  route  toward  the  J 
J  positive  wire  ;  but  its  progress  was  arrested  in  [he  intermediate  cup,  wher_  _. 

ized  by  the  baryta  and  precipitated.     It  appeared,  however,  that  this  i 
!  obstruction  to  the  progress  of  the  acid  was  not  absolutely  complete  ;  for  when  \ 

the  process  was  continued  for  several  days,  (races  of  acid  were  found  ii 

positive  cup.     When  a  solution  of  strontia  was  substituted  for  the  baryta  ii 

intermediate  cup,  the  efTecls  were  similar. 

When  the  muriate  of  baryta  was  put  in  the  positive  cup,  sulphuric  acid  ii 

intermediate  cup  I,  and  water  in  the  negative  cup  N,  no  alkali  passed  u 
i  cup  N,  all  being  arrested  in  I,  where  the  sulphate  of  baryta  was  manifest,  and  \ 
J  muriatic  acid  remained  in  the  cup  P. 

It  appeared,  therefore,  that  the  exception  to  the  transmission  of  ihe  elements  { 
j  of  bodies  through  menstrua  for  which  they  have  an  affinity,  includes  the  cases 
<  in  which  the  result  of  that  affinity  would  be  an  insoluble  compound.  The  sul- 
j  phates  of  strontia  and  baryta  are  insoluble  in  water  ;  and  sulphuric  acid  cannot 
J  be  transmitted,  by  the  electric  current,  through  sironlia  or  baryta,  nor  the  Jailer 
)  through  the  former. 

The  operation  of  these  principles  was  very  beautifully  illustrated  by  the  fol- 
j  lowing  experiment :  The  cups  P  and  N  were  filled  with  solution  of  muriate  of 
!  soda,  and  the  cup  I  with  soluiion  of  sulphate  of  silver.  The  cup  P  « 
j  nected  with  1  fay  a  slip  of  wet  turmeric  paper,  and  the  cup  N  was  connected  } 
(  with  I  by  a  slip  of  wet  litmus  paper.     When  the  operation  of  the  battery  c 
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\  menced,  the  presence  of  soda  in  a  free  state  was  manifesteiS  in  the  cup  N,  i 

iatic  acid  in  the  cup  P.     The  muriatic  acid  drawn  from  the  cup  N,  through  S 
\  the  htmus  paper,  was  seen  to  form  a  dense  precipitate  in  tUe  cup  I,  and  the  J 
S  soda  passing  through  the  turmeric  paper  from  the  cup  P  was  observed  m  the 
5  cup  I,  forming  a  more  diffused  and  hghter  precipitate.     But  neither  the  acidir 
J  passing  through  the  litmus  paper,  nor  the  alltali  in  passing  through  the  turmeric 
?  paper,  produced  any  change  ia  the  color  of  these  tests. 

When  salts  having  metallic  oxides  as  bases  were  placed  in  the  cup  P,  acid  } 
i  solutions  being  put  in  I,  the  oxides  passed  through  the  acids  ;  but  thei:  _     __ 
ress  was  much  slower  than  that  of  the  alkalies.     When  a  solution  of  the  green  > 
sulphate  of  iron  was  placed  in  P,  and  muriatic  acid  in  I,  the  green  oside  of  < 
5  iron  began  to  appear  in  about  ten  hours  on  the  amianthus  connecting  N  andl ;  ) 
I  and  it  took  three  days  to  collect  any  considerable  quantity  of  it  in  the  cup  N.  ^ 
J  The  results  were  similar  when  solutions  of  sulphate  of  copper,  nil 
md  nitro-muriate  of  tin,  were  placed  in  the  cup  P. 
The  transmission  of  the  constituents  of  salts  through  solutions  of  the  neutral  J 
}  salts  was  next  tried,  and  the  results  were  what  was  anticipated.     Saline  solu-  < 
s  being  placed  in  N  and  I,  and  purified  water  in  P,  the  alkali  of  I  first  > 
I  began  to  pass  into  N  :  then  the  alkali  of  P,  after  passing  through  I,  reached  ( 
)  N,  and  at  thesametime  theacidof  I  paasedinio  P.     "Ultimately  the  two  acids  ) 
were  collected  in  P,  and  the  two  alkalies  in  N.     As  an  example  of  this,  the  J 
cup  N  was  filled  with  a  solution  of  the  muriate  of  baryta,  the  cup  I  with  sul- 
phate of  potEsh,  and  the  cup  P  with  pure  water.     A  battery  of  150  pairs 
brought  sulphuric  acid  in  five  minutes,  and  muriatic  acid  in  two  hours,  into  P. 
When  the  cup  P  was  filled  with  a  solution  of  sulphate  of  potash,  I  with  mu- 
riate of  baryta,  and  N  with  distilled  water,  the  baryta  appeared  in  the  water  in 
a  few  minutes  ;  after  an  hour,  the  potash  became  sensible  in  it. 

When  the  muriate  of  baryta  was  in  P,  the  sulphate  of  potash  in  I,  and  water 
in  N,  the  potash  soon  appeared  in  the  water  ;  but  the  baryta  was 
the  intermediate  cup  by  the  sulphuric  acid,  and  sulphate  of  baryta 
dantiy  precipitated.  In  like  manner,  when  sulphate  of  silver  was  placed  in 
the  cup  I,  muriate  of  baryta  being  in  N,  and  water  in  P,  sulphuric  acid  alone 
passed  into  P,  and  a  precipitation  took  place  in  I. 

The  effects  of  the  electric  current  on  the  principles  of  vegetable  and  animal 
substances  was  next  tried.  The  fresh  stalk  of  a  poly  an  thus -leaf  was  used  in- 
stead of  the  siphon  of  amianthus,  to  connect  the  two  cups  P  and  N  (fig.  7),  the 


cup  I  being  omitted.     The  cup  P  was  filled  with  a  solution  of  nitrate  of  stron- 
lia,  and  the  cup  N  with  purified  water.     The  water  soon  became  green, 
showed  the  presence  of  alkali  ;   and   the   solution  in  the  cup  P  indicated  the 
presence  of  free  nitric  acid.     After  ten  minutes,  the  alkaline  matter 
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1  If 
f  th 


d  £0  b    potash  and  lime,  but  no  strontia  had  yet  arrived  in 
h         however,  strontia  appeared,  and  in  four  hours  i 


lar  flesh  of  beef  was  used  in  like  manner  as  a  siphon 
h  P  1  P  containing  a  solution  of  muriate  of  baryta,  and  N 

d      il  d  w  S  d     ammonia,  and  Jime,  appeared  first  in  the  water,  am] 

lb  h  d     quarter  the  baryta  began  to  arrive.     Mnriatic  acid  was 

b     d      ly  1  b         d        he  cup  P. 
I  h    g  m        h  n  a  general  expression  of  the  phenomena  whicli  have 

b         J       d       1  d         ay,  that  hydrogen,  alkaline  matter,  metals,  and  certain 
11  d  acted  toward  the  negative,  and  repelled  from  the  posi- 

p  1       f      V  ita      apparatus  ;  and  that  oxygen  and  acid  substances  are 
ff       d       h  1       ttraction  and  repulsion  in  the  contrary  direction. 

Ah  1  p      ess  by  which  the  transfer  of  the  element  decomposed  } 

li-     pi  h     b    ween  the  positive  and  negative  wires  in  the  solution  u 

d     d      mp  htough  the  intermediate  solution,  no  distinct  opinion  w 

p         d        h    p  p      now  noticed.     Davy  showed  that  it  is  natural  to  st; 
P        hi        p  11         nd  attractive  energies  are  conveyed  from  one  panicle  { 
h       f  I       m   h  nd,  and  that  locomotion  (of  these  particles)  takes  place  f 
q  H       nsidered  this  to  be  proved  by  many  facts.     Thus  when  f 

d  w      d    w    f    n  the  negative  to  the  positive  cup  through  an  alkaline  \ 
1  d       h    intermediate  cup,  if  the  Voltaic  action  was 

m  p    d  d  b  f       he  transfer  of  all  the  acid  in  the  negative  cup  kad  been  ( 

ff    ted  f        i  were  always  discoverable  in  the  intermediate  cup.     It 

pp         f    m  1       h      he  series  of  acid  molecules,  while  moving  between  the 
d      f    h      m       h       iphons  in  the  intermediate  cup,  do  not  enter  into  com- 
b  w  h  h      Ik  1  ;  but  if  the  motion  be  for  a  moment  suspended,  com- 

b  ta    ly     k      place.     In  this  case,  therefore,  it  would  not  appear  that  J 

y     pp  f  mission  by  a  series  of  decompositions 

mp     bl    w  h  lie  phenomena. 
I     h  h  ,of  the  decomposition  of  water  {where  tfce  whole: 

ni  m  b  b     d    omposing  wires  is  water),  and  of  solution  of  neutral  j 

1     (wh         1       h    m  nslruum  is  altogether  composed  of  the  same  solution),  < 
h      dm  IS  h      h       my  possibly  be  a  succession  of  decompositions  and  re-  ; 
p  h      gh       the  fluid.     He  admits,  also,  that  the  impossibility  of  i 

m  th      gh       acid  or  alkali  any  element  which  forms  with  it  an  in-  ' 

1  bl       mp       d     1  h  ugh  the  transmission  is  perfect  when  the  compound  is 
1  bl        pp    ts  b    hypothesis  of  a  succession  of  compositions  and  decompo- 
k    g  p!  ery  case.     He  maintains,  that  although  in  some  cases 

1  bl       b  transmitted,  the  transmission  is  effected  in  a  manner 

to    Uy  d  ff  1    m   h  t  which  takes  place  in  the  more  general  case.     The 

1  bl    ra         w  these  cases,  cairied  over  mechanically,  either  through  } 

h  f   h       phons,  or  by  means  of  "  a  thin  stratum  of  pure  wi 

wh        hi  h  d  been  decomposed  at  the  surface  by  carbonic  acid." 

I     pp    rs  f   m  h       nor  of  the  observations  in  this  paper,  "  on  the  mode  { 
f  d      mp  d     ansition,"  that  the  mind  of  the  author  had  n 

d  y    p  sfactory  to  himself  on  this  subject. 

Bj    h        p     m  f  Voita  it  had  been  shown  that  different  metals  brought  ; 

into  w         pp     tely  electrified  after  separation.     Davy  found  that  a 

•^      J  lb  n  contact,  the  former  became  negative,  and  the  latter  S 

p  b      h     wh      an  alkali  and  a  metal  were  in  contact,  the  electrical  J 

ff  d      As  3  general  fact  it  appeared,  therefore,  that  positive  > 

1  y  h  d       y  to  pass  from  acids  to  metals,  and  from  metals  t( 

k  1     I      d      g  1     triciiy  to  flow  in  the' opposite  direction.     Different  \ 
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;,  therefore,  regarded  by  Davy  as  having  with  relatioQ  to  each  other 
J  specific  eiectrkal  energies.  Acids  have  a  negative  and  alkalies  a  positive  ener- 
!  gy,  with  relation  to  metals ;  while  metals  have  a  positive  energy  with  relation 
cjds,  and  a  negative  energy  with  relation  to  alkalies, 
'arious  experiments  of  a  delicate  kind  were  made  to  establish  this  general 
j  principle.  To  avoid  the  disturbing  effects  which  would  be  introduced  by 
(  chemical  action,  the  substances  of  each  kind  selected  for  experimental  esami- 
on  were  in  the  solid  and  dry  form.  When  oxalic,  succinic,  benzoic,  or  bo- 
c  acid,  perfectly  dry,  either  in  powder  or  crystals,  was  touched  upon  a 
i  large  surface  with  a  disk  of  copper,  zinc,  or  tin,  insulated,  the  metal  became 
J  positive,  and  the  acid  negative.  Phosphoric  acid  and  zinc  gave  a  like  result. 
Metallic  plates  being  brought  in  like  manner  in  contact  with  lime,  strontia, 
)  magnesia,  or  soda, became  negative,  the  earths  being  positive.  The  attraction 
i  of  potash  for  water  was  too  strong  to  allow  that  alkali  to  be  submitted  to  trial. 
\  Sulphur  became  positive  after  contact  with  a  metallic  plate,  and  the  supposed 
5  exception  to  this  in  the  case  of  lead  was  removed  by  showing  that  the  sub- 
wly  polished  lead  always  became  positive. 

that  the  electrical  relation  of  J 
,  was  in  harmony  with  the  law  > 
the  Voltaic  apparatus,  and  with  I 
3  the  experimental  proof  of  this  S 


e  rubbed  against 
All  these  facts  went  to  support  thi 
)  different  substances,  as  shown  by  tot 
I  according  to  which  electricity  wat 
S  the  phenomena  of  decomposition.     To  comph 
C  analogy,  it  would  have  bee 

>  hydrogen  a  positive  electri    1 
i  to  accomplish  this,  recour      w      n  q        n  p 

>  Sulphuretted  hydrogen  in  d         h     V  1 

5  metallic  plates,  plays  the  p         f  Ik  1        T        pp 

negative  character  of  oxyg       h      h  w  d    h  yt 

was  more  powerfully  nega  1  I  h 

I  higher  degree  of  concentra 

He  assumed  as  a  princip!       gg       d  by        1  oy 

}  ment,  that  tvxPbodies  which  h  y    }  I 

J  body  have  contrary  electric  I 

\  two  bodies,  A  and  B,  being  s 

5  if  A  is  found  to  be  positive  after 
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ie\y  brought  into  contact  with  a  third  C  ;  { 

separation  and  B  negative,  then  it  follows  that  i 

i  if  A  and  B  be  brought  into  mutual  contact,  A  will  be  positive  after  separation  j 

J  and  B  negative.     Lime  and  oxalic  acid  in  a  dry  and  solid  state,  the  former  j 

I  being  positive  and  the  latter  negative  in  relation  to  metals,  were  brought  into  ! 

j  contact,  and  the  electricity  collected  after  repeated  contacts  by  a  condensing  i 

(  electrometer.     The  lime  was  found  to  be  positive  and  the  acid  negative.  j 

Guided  by  the  analogies  suggested  by  such  facts,  Davy  maintained,  as  a  ! 

)  general  principle,  that  oxygen  and  acid  substances  have  a  negative  electrical  j 

!  energy  in  relation  to  hydrogen  and  alkaline  substances  ;    and  that  in  the  de-  j 

S  compositions  and  changes  presented  by  the  effects  of  electricity,  the  different  j 

J  bodies  naturally  possessed  of  chemical  affinities  appear  to  be  incapable  of  en-  j 

[  tering  into  combination  or  of  remaining  in  combination  by  virtue  of  these  ! 

I  affinities  when  they  are  placed  in  a  slate  of  electricity,  contrary  to  the  natural  1 

J  relation  of  their  electrical  energies.     Thus  the  acids  in  the  positive  part  of  the  J 

it  separate  themselves  from  the  alkalies,  oxygen  from  hydrogen,  and  so  on  ;  j 

and  metals  on  the  negative  side  do  not  unite  with  oxygen,  and  acids  do  not  re-  j 

main  in  union  with  (heir  oxides  ;  and  in  this  way  the  attractive  and  repellani  | 

agencies  seem  to  be  communicated  from  the  metallic  surfaces  (the  poles  of  the  i 

pile)  throughout  the  whole  of  the  menstruum.  j 
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In  all  cases  in  which  bodies  combine  chemically,  they  are  found  to  have  I 
contrary  electrical  energies.     Examples  are  numerous.     The  bodies  in  the 
first  of  the  following  columns  aie  all  negative  with  respect  to  those  which  are 
opposite  to  them  in  the  second :  — 

Oxygen  Zinc,  1  Gold  Mercury. 

Oxygen  Silver.  Metals  Sulphur. 

Copper  Zinc.  |  Acids  Alkalies. 

The  constituent  particles  of  each  of  these  substances  when  brought  into 
contact,  being  naturally  in  opposite  slates  of  electricity,  will,  according  to  the 
of  electricity,  attract  each  other.     If  they  be  solid  bodies,  the  i 


Wh 


r  of  their  j 


d  w  h 


their  proper 

of  equilibri-  ', 

e  electricity  < 

1  means,  the  I 

o  that  which  \ 


force  of  a 

solidity,  will  r 
move  and  inte        g 
electricity  wil   Uk 
um  of  the  ele 
will  ceasip. 

In  support        h 
elements  of  a  y 
naturally  belo  g    to 
which  produc  b 

tion,  that  comb 
prevented. 

Thus  zinc  is  one  of  the  metals  which  have  the  strongest  natural  tendency  to  J 
combine  with  oxygen.     Let  it  be  charged  with  negative  electricity,  and  its  ox- 
ydation  becomes  impossible,  because,  according  to  Davy's  hypothesis,  the  pos- 
itive electricity  naturally  belonging  to  its  molecules  is  neutralized  by  the  nega- 
tive electricity  artijicialty  imparted  to  it.     Again,  silver  is  one  of  the  metals  S 
which  have  the  least  tendency  to  imite  with  oxygen  ;  but  let  silver  be  charged  j 
with  positive  electricity,  and  it  oxydates  easily.     The  positive  electricity  sup-  J 
plied  artificially  gives  increased  power  to  that  which  the  particles  possess,  io  j 
as  to  augment  their  attraction  for  the  negative  particles  of  the  oxygen. 

The  cases  of  bodies  which  have  contrary  electric^  energies,  either  in  rela- 
tion to  a  third  body  or  in  relation  to  each  other,  are  therefore  simple,  and  easily  ( 
apprehended.     But  two  bodies  may  have  electrical  energies  with  respect  to  a  j 
third,  the  same  in  hind,  but  unequal  in  degree.     Thus  all  acids  are  negative  in 
relation  to  metals,  but  any  two  of  them  will  be  unequally  so  ;  and  in  like  man- 
ner ail  alkalies  are  positive,  but  unequally  positive  in  relation  to  metals.     Sul- 
phuric acid  is  more  negative  than  muriatic  acid  in  relation  to  lead,  and  potash  is 
oio?-epo^<!ue  than  soda  in  relation  to  tin.     Such  bodies  compared  with  each  ) 
other  may  have  the  same  or  contrary  electrical  energies,  or  they  may  be  nen-  i 
tral.     Sulphur  and  the  alkalies  ate  positive  in  relation  to  the  metals,  but  their  J 
electrical  energies  with  respect  to  each  other  are  contrary. 
.   The  evolution  of  heat  and  light,  which  commonly  attends  the  ri 
electrical  equilibrium  between  two  bodies  strongly  charged  with  electriciiy  by  1 
artificial  means,  is  brought  by  Davy  in  further  support  of  his  theory.     It  is  well  j 
known  that  heat  and  light  also  result  from  intense  chemical  action.     When  the  ? 
electric  current  passes  through  bodies,  the  electricity  being  then  incomparably  j 
more  feeble  in  intensity  than  that  which  proceeds  from  the  common  machine,  • 
heat  is  evolved  without  light,  and  the  degree  of  this  heat  is,  cateris  paribus,  \ 
augmented  as  the  intensity  of  the  electricity  is  increased.     In  the  same  man-  ■ 
ner  in  slow  chemical  combinations  there  is  an  increase  of  temperature  without  > 
luminous  appearance.  J 

Heat,  by  producing  fusion,  and  liberating  the  constituent  particles  of  bodies  j 
from  their  natural  aggregation,  has  been  regarded  as  being  conducive  to  ihei" 
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J  chemical  combination.     In  the  theory  proposed  by  Davy  it  is,  moreover,  viewed  \ 
s  being  otherwise  instrumental  in  giving  piay  to  the  affinities.     That  heat " 

ne  of  the  means  of  exalting  the  electrical  energy  of  bodies,  is  apparent  from  > 
j  its  known  effects  on  glass  and  tourmahne.    But  in  tie  experiments  now  noticed, 
let  and  specific  evidence  is  adduced  of  its  direct  electric  agency. 

J  A  plate  of  sulphur  was  placed  on  an  insulated  plate  of  copper,  and  the  temper-  j 

.ture  of  the  bodies  being  gradually  elevated,  their  electrical  state  was  examined  ? 

d'ff                   s  of  the  experiment.     At  56°  the  electricity  was  scarcely  J 

bl                ondensing  electrometer;  at  100"  it  affected  the  gold  leaves  ) 
h        li          denser,  and  increased  in  a  still  higher  degree  as  the  sulphur 
pp        1    d       point  of  fusion. 

S          h          herefore,  increases  the  natural  electrical  energy  of  the  com-  ) 

M)         J        1     of  bodies,  it  gives  them,  according  to  the  theory  of  Davy,  ' 

d      ndency  to   combine   chemicaily,  if  those  energies  be  con- 

T  i 

H           wh      a  spark,  or  other  sufficient  source  of  heal,  is  introdu^d  into  a  ) 

n             f    xygen  and  hydrogen,  it  renders  the  contiguous  molecules  of  oxy-  \ 

I      m  gly  negative,  and  those  of  hydrogen  more  strongly  positive.    In 

f  h       ncreased  mutual  attraction  they  combine,  and  in  combining  heal  ( 

1     d  wh    h  affecting  other  contiguous  molecules  causes  further  combina-  i 

d              ntil  the  combination  is  complete.  < 

A       d    g      this  hypothesis,  combination  should  be  rapid,  heal  and  light  J 

d  h     compound  neutral  in  its  properties,  whenever  the  electrical  j 

f   h     wo  constituents  are  strong  and  perfectly   equal.     But  when  i 

h                  y      equal,  the  effects  would  be  less  vivid,  and  the  compound  would  J 

h         d       alkaline  character,  according  as  the  energy  of  the  negative  or  i 

rh    p    d         n  of  water  from  the  combination  of  oxygen  and  hydrogen,  and  | 

h    f                  f  the  metallic  salts,  are  adduced  as  examples  of  strong  and  < 

q  al         g          Like  examples  are  afforded  by  the  nitrate,  sulphate,  and  chlo-  j 

f  p       h  and  muriate  of  lime,  which  severally,  when  touched  upon  a  j 

1    g         f  c^  bj  plales  of  copper  and  zinc,  gave  no  electrical  signs.     Subcar-  J 

D              f      d      nd  borax,  on  lie  contrary,  gave  a   slight  negative  charge,  and  ( 

1           d     p    phosphate  of  lime  a  feeble  positive  charge.  S 

Th                   ion  of  this  remarkable  paper  professes  to  explain,  the  autiior's  < 

f  th        node  of  action"  of  the  Voltaic  pile.     The  absence  of  that  per-  i 

p                 yl      f^  expression  which  so  generally  characterizes  his  writings,  in  I 

h             J       fi  s  the  supposition  that  his  own  perceptions  on  the  subject  of  the  ) 

h    ry  h    p    p  ses  were  not  at  the  time  very  clear  or  well  detined.     It  must  I 

b           II       d  hat  Volla  maintained  that  the  source  of  electricity  in  the  pile  > 

w      h                of  the  dissimilar  metals,  and  that  the  intervening  fluid  merely  i 

d  h    p        fa  conductor  to  carry  away,  in  a  continued  stream,  the  positive  J 

1            y  f        each  zinc  surface,  and  the  negative  electricity  from  each  cop-  i 

p            f            Fabtoni  and  Cr^ve,  and  afterward  Wollasten   and  others,  main-  J 

d  h      h      ource  of  the  electricity  was  the  chemical  action  between  the  < 

d  h    il    d,  and  that  the  intervening  copper  acted  as  a  conductor  lo  carry  \ 

w  y                   nued  stream,  the  positive  electricity  from  one  side  of  the  fluid,  \ 

d   h        g      6  electricity  from  the  other,     Davy  professed  to  reconcile  these  ) 

fl        g  hj  p  theses  by  admitting,  with  Voita,  that  the  opposite  currents  were  ( 

p    p          d  fr  m  Jhe  surface  of  contact  of  the  zinc  and  copper ;  but  that  the  \ 

I  q    d     p          g  the  pairs  of  plates  did  ml,  and  eoutd  not,  carry  forward  the  ( 

\   Ita  maintained,  by  their  conducting  power,  but  that  they  effected  ) 

bj    he   chemical   action   which  took  place  between  them  and  the  i 

a         our  view  of  the  theory  proposed  by  Davy  in  the  paper  now  re-  > 
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ferred  W  ;  but,  as  has  been  already  stated,  the  expressions  are  noi  so  clear  as 
to  remove  all  doubt  of  his  exact  meaning. 

Davy  uses  the  term  "  electrical  energy"  apparently  to  express  the  same  phe- 
nomenon which  Volta  called  "  electro-motive  action,"  and  which  had  been  also 
called  "  Voltaic  action."  This  term  denotes  the  quantity  of  electricity  evolved 
upon  the  two  metals  on  either  side  of  their  common  surface,  according  to  Vol- 
ta's  theory  of  contact.  The  act  of  conveying  forward  through  the  series  in 
each  direction  the  electricity,  positive  and  negative,  thus  propagated  at  the 
common  surface,  is  called  by  Davy  the  "  restoration  of  the  electrical  equilib- 
rium which  was  disturbed  by  the  electrical  energy  of  the  metals."  Strictly 
speaking,  there  is  no  restoration  whatever  of  electrical  equilibrium  during  the 
action  of  the  pile.  The  electric  fluids  are  never  in  a  state  of  repose.  Two 
currents  run  in  uninterrupted  streams  in  opposite  directions.  When  therefore 
Davy  says  that  "  the  chemical  changes"  produced  by  the  liquid  interposed  be- 
tween the  metallic  elements  of  the  pile  are  "  the  causes  that  tend  to  restore 
the  equilibrium,"  he  must,  as  we  conceive,  be  understood  to  mean  that  these 
changes  are  "  the  causes  by  which  the  electric  currents  are  propagated  toward 
the  poles  of  the  pile." 

Having  premised  these  explanations,  let  us  now  consider  the  reasoning  and 
the  facts  on  which  this  theory  of  Davy  has  been  based.  He  denies  that  the 
liquid  elements  of  the  pile  can  act  as  an  ordinary  conductor  of  electricity,  the 
term  conductor  being  used  in  the  same  sense  as  when  applied  to  the  metals 
and  other  solid  conductors,  because,  with  regard  to  electricities  of  such  very 
low  intensity,  water  (as  well  as  liquids  in  general)  is  an  insulating  body.  Be- 
sides, there  is  every  reason  to  believe  that,  "  ii-  the  fluid  medium  were  a  sub- 
stance incapable  of  decomposition  (by  the  metallic  elements),  the  motion  of  the 
electricity  would  cease."  When  the  liquid  in  a  Voltaic  arrangement  of  zinc 
and  copper  is  a  solution  of  muriate  of  soda,  decomposition  ensues.  The  oxy- 
gen and  muriatic  acid  pass  through  the  tluid  from  the  copper  toward  the  zinc, 
transporting  or  transported  by  the  negative  current ;  and  the  hydrogen  and  soda 
pass  from  3ie  zinc  toward  the  copper,  transporting  or  transported  by  the  posi- 
tive current.  Whether  the  author  considered  that  the  transfer  of  the  electricity 
is  effected  by  the  locomotion  of  the  decomposed  elements  through  the  fluid,  or 
by  a  series  of  decompositions  and  re  com  positions,  in  which  there  is  no  motion 
of  translation  imparted  to  any  of  the  elements  resulikig  from  the  decomposi- 
tion, and  in  which  the  electricities  themselves  are  not  transferred  through  the 
fluid,  but  rendered  alternately  free  and  latent  as  the  successive  decompositions 
and  recorapositions  are  effected,  does  not  appear  from  the  developments  con- 
tained in  this  paper. 

A  pile  of  twenty-four  pairs,  in  which  the  connecting  fluid  was  water  free 
from  air,  had  no  Voltaic  power.  To  determine  whether  another  liquid  with 
superior  conducting  power,  but  still  incapable  of  chemical  action,  would  be  af- 
fected, concentrated  sulphuric  acid  was  tried.  No  permanent  cuirent  was  pro- 
duced. Solutions  of  neutral  salts  render  the  pile  active  at  first ;  but  when,  by 
continued  decomposition,  the  solution  in  contact  with  the  zinc  becomes  acid, 
and  that  in  contact  with  the  copper  alkali,  the  action  ceases.  Dilute  acids 
being  themselves  easily  decomposed,  and  promoting  the  decomposition  of  the 
water,  dissolving  the  oxide  of  zinc  as  fast  as  it  ia  formed,  and  evolving  gases 
only  on  the  copper  side,  are  the  most  powerful  and  durable  fluid  elements  for 
a  pile.  All  these  facts  supply  converging  evidence  upon  the  position  that 
chemical  action  is  essential  lo  the  vitality  of  the  Voltaic  apparatus. 

Against  the  hypothesis  that  chemical  change  is  the  primary  source  of  the 
action  of  the  pile,  it  is  contended  that  in  a  combination  of  zinc  and  copper 
plates  with  dilute  nitrous  acid,  the  aide  of  the  zinc  exposed  to  the  acid  is  posi- 
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tire  ;  but  in  a  Voltaic  combination  of  zinc  water  and  dilute  niinc  acid,  the  side  \ 
of  the  zinc  exposed  to  the  acid  is  negative.  The  chemical  action  of  the  acid  \ 
on  the  zinc  being  in  both  cases  the  ssme,  it  is  argued  that  if  the  electric  cur-  { 
rents  originated  at  the  common  surface  of  the  zinc  and  acid,  which  they  would  \ 
do  if  chemical  change  were  their  primary  source,  the  direction  of  the  currents  \ 
would  be  the  same,  instead  of  being  contrary  in  the  two  cases.  J 

further  argument  against  the  chemical  theory  of  ihe  pile,  Davy  main-  \ 
hat  in  mere  cases  of  chemical  change,  electricity  is  never  exhibited ;  \ 
and  endeavored  to  support  this  position  by  the  examples  of  iron  burned  in  oxy-  S 
gen,  the  deflagration  of  nitre  and  charcoal,  the  combination  of  solid  potash  and  J 
sulphuric  acid,  and  other  chemical  actions.  Subsequent  investigation,  how-  5 
ever,  has  shown  that  this  principle  is  not  tenable,  and  that  chemical  change  is  X 
attended  with  the  evolution  of  electricity.  S 

With  Davy,  as  with  Franklin,  application  ever  trod  closely  on  the  heela  of  ) 
discovery.     The  same  memoir  which  disclosed  the  brilliant  series  of  discov-  J 
eries  of  which  we  have  here  attempted  to  give  a  brief  analysis,  also  indicated  X 
the  vast  applications  of  which  they  were  susceptible,  in  the  further  invesliga-  5 
lions  of  the  laws  of  nature,  and  in  arts  conducive  to  the  economy  of  life.    The  \ 
detection  of  acid  and  alkaline  matter  in  mineral,  animal,  and  vegetable  sub-  ? 
stances,  and  their  separation  from  them,  was  sufficiently  obvious.     A  piece  of  \ 
muscular  fibre,  through  which  the  electric  current  was  transmitted  for  five  days,  \ 
was  rendered  dry  and  hard      Potash  soda  ammonia  lime  and  oxide  of  iron   X 
were  earned  from  it  by  the  negative  current     and  the  three  mineral  acids  with  \ 
phbsphonc  acid   passed  off  with  the  poMtive  currert       From  a  laurel  leaf  the 
negaiue  current  carried  green  colonng  matter  resin  alkali  and  lime  and  the 
positive  current  took  vegetable  prussic  acid      Mint  gave  potash  and  bme  «ith  J 
the  negative  and  an  acid  matter  with  the  positive  current      The  fiesh  of  the  < 
liv  ng  hand  carefulh  washed  m  pure  water  gave  a  mixture  of  muriatic  su! 
phunc  and  phosphonc  acids  with  the  positiie  current  and  fixed  alkaline  mal 
ter  with  the  negative  current      This  fact  accounts  for  the  acid  and  allfalin 
tastes  first  observed  by  Sulzer  giien  by  metals  in  contact 

By  converting  the  processo'i  the  Voltaic  currents  may  be  male  the  m  m 
of  introducing  acids  and  alkaline  or  metallic  principles  into  the  ai  imal  and  \ 
vegetable  ej  stem      This  idea  has  since  been  reahatd  in  medijil  practice  bv  ( 
--me  physicians 

In  the  experiments  hitherto  made  the  acids  and  aikalies  themselves  were 

it  decomposed      The  history  of  scientific  discoverj  affords  no  more  remirk 
able  example  of  that  instinctive  foresight  which  enables  the  philosopher  to 
suspect  the  direction  in  which  truth  lies  and  prompts  him  m  the  selettion  of  \ 
subjects  of  inquirj ,  than  is  apparent  in  eomparini'  Divy  s  present  guesses  with  J 
""'         '       "  '      -  induce  u 


fb  d 


J  the  result  of  hia  subsequent 

\  to  hope  that  this  new  mode  of        Ij 

J  elements  of  bodies,  if  the  mat       1 

ration,  and  the  elect       y  b 
J  union  be  of  the  nature  which  I  h 
)  natural  electrical  energies  of  th      1  m 
J  probability  of  a  limit  to  their  g  h     wh 

X  instruments  seem  capable  of  indefinite  increase. 
\       How  soon  he  led  the  way  toward  the  realisation  of  this  magnificent  conjee- 
)  ture  will  presently  appear. 

Sudden  and  violent  derangements  of  the  electrical  equilibrium  of  the  ele- 

ir  system  are  manifested  in  other  cases  besides  the  glaring  instwica 

j  offered  by  atmospheric  phenomena.      The  electrical  appearances  which  pre- 

'e  and  attend  earthquakes  and  volcanic  eruptions  admit  of  easy  explanation 
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n  the  electro-chemical  theory.     The  slow  and  gradual  changes  observed  by  { 

(  the  geologist  are  indications  of  the  more  tranquil  and  incessant  operations  of  [ 

>  electrical  agency.     Where  strata  of  pyrites  and  coalblende  occur ;  where  the  J 

S  pure  metals  or  the  sulphurets  are  found  in  contact  with  each  other,  or  with  any  ) 

j  conducting  substances  ;  and  where  different  strata  contain  different  saline  men-  J 

strua,  electricity  must  be  evolved,  and  by  its  agency  mineral  formations  would  i 

j  probably  be  influenced  or  produced.  i 

These  views,  which  have  been  recently  confirmed  by  the  observations  of  j 

'  Mr.  Fox  on  the  electrical  condition  of  the  metallic  veins  in  Cornwall,  were  " 

S  luatrated  by  experiment.     A  mixed  solution  of  muriates  of  iron,  copper,  1 

md  cobalt,  was  placed  in  the  positive  cup  P,  and  distilled  water  in  the  nega- 

ive  cup  N,  the  cupa  being  connected  by  asbestos.     The  four  oxides  passed  \ 

j  through  the  asbestos  to  the  cup  N  ;  a  yellow  metallic  crust  was  formed  on  the  J 

t,  round  the  base  of  which  the  oxides  collected  in  a  mixed  stale,  f 
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considerable  extent  \ 
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h  s  hitherto  been  little  J 
rful  concentration  ii 
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y      d  even  preserved  par 
■       had  char 


eof  h 
I  tiallyits  metall      I  d     f    '  d  h 

J  its  composition  without  disturbmg  the  arrangement  of  its  constituent  parts.  To 
(  support  those  ideas  suggested  to  him  in  Davy's  celebrated  paper  by  direct  experi- 
)  ment,  be  submitted  a  piece  of  sulphuret  of  antimony  to  tie  action  of  a  power- 
(  ful  voltaic  apparatus.  An  odor  of  sulphuretted  hydrogen  was  soon  perceiva- 
}  ble  ;  the  liquid  asumed  a  yellow  color,  and  the  sulphuret  appeared  of  a  darker 
<  tint,  and  iridescent,  indicating  incipient  decomposition.  The  negative  plate 
I  became  black,  and  the  positive  one  was  coaled  with  a  light  yellow  incrusta- 

1,  which  proved  to  be  the  oxide  of  antimony.     Thus  it  appeared  that  the 
)  sulphuret  of  antimony  was  capable  of  being  transferred  immediately  info  the 
j  oxide  by  the  mere  operation  of  the  Voltaic  forces.     Other  native  sulphurets 
rere  tried  in  like  manner,  and  gave  similar  results. t 

During  the  twelve  months  next  succeeding  the  date  of  the  memoir  above 
)  noticed,  Davy  devoted  his  labors,  and  directed  all  the  powers  of  his  genius,  to 
J  the  development  of  the  consequences  of  the  theoretical  principles  which  he 

'  '■hiloflophicol  Traasactiona,  1807.  i  Annales  de  Chimie,  lorn,  liii.,  p.  113. 
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5  had  propounded,  and  to  tlie  reali 

il  respecting  the  resolution  of  nalur  1      b 
to  their  constituents.     Never  befor     d  d 
y ;  never  was  the  prophetic  instinc     f     ] 
S  magnificently  satisfied.     His  forekno    1  dg 
}  the  instruments  for  their  disclosure,  of   h 
of  attaining  it,  of  the  route  to  be  folio      d 
j  linctly  expressed ;  and  with  the  confid 
/  conscious  power,  he   immediately  ad  c 

S  attained  the  end  he  foresaw,     The  r      1 
(  their  elements  was  the  splendid  resvil     i  h 

nsigned  to  the  Bakerian  lect 
\  19th  of  November  in  that  year. 

t>  first  efforts  were  directed  to  p        1 
\  solution  to  the  electric  current.     Th    w 
5  relusins  to  yield.     In  its  dry  state  it  w    Id 

0  give  It  a  conducting  power,  and  a     h 
J  by  preference  the  current  appeared  t 
\  tiiium  spoon,  and  exposed  to  the  fian       '^ 
J  oxvgeii      When  reduced  to  the  fluid 
?  ted  the  Voltaic  current.     When  the 
J  point  of  a  platinum  wire  inserted  i 
inded  by  intense  splendor  was  exhib 
rose  from  the  point  of  contact  of  th 
i  negative,  and  the 


f  h    d      h  1  1 


g    1  to  b 
dby    1 


by       h 


dp  by     bl 


b    h      Ik  1 


Wh 


h     p 


d  1  gh      pp        d  h     f 


aerifornT  globules  rose  through  the  hquid  p    ash      hi  h      fl       d 
j  they  escaped  into  the  air. 

i       It  was  conjectured  that  the  const!  fhph  dbjh        g 

I  tive  pole,  was  the  matter  which  in    h  p  d       b  bbl  d   h 

its  affinity  for  oxygenwas  so  strong,  that  the  moment  it  came  in  contact  with  the 
atmosphere  it  recombined  with  oxygen  and  produced  combustion.    The  question, 
J  therefore,  now  was,  how  to  arrest  that  element,  and  submit  it  to  examination. 

As  the  liquefaction  of  the  alkali  by  heat  appeared  to  entail,  as  a  conse- 
J  quence  the  immediate  recombination  of  its  separated  constituent,  it  was  now 
\  attempted  to  give  the  necessary  conducting  power  to  the  potash,  by  allowing  ( 
J  it  to  imbibe  from  the  atmosphere  as  much  moisture  as  would  give  a  conducting  ) 
i  power  to  its  surface.     The  alkali  in  this  state  was  placed  on  a  platinum  disk,  J 
\  which  was  connected  with  the  negative  pole,  while  a  wire  connected  with  the  \ 
I  positive  pole  was  applied  to  its  upper  surface.     At  the  upper  surface  there  i 
a  disengagement  of  gas ;  at  ihe  lower  surface  small  tnetallie  globules  appeared,  i 
tike  mercury,  in  llieir  visible  character.     Some  of  these  burnt  by  contact  with 
the  air.     Others  had  their  metallic  lustre  tarnished,  and  finally  covered  with  a 
\  white  film,  which  defended  them  from  the  atmosphere,  and  preserved  them  in 
heir  metallic  state. 
The  gas  disengaged  at  the  positive  wire  was  oxygen,  and  the  metal  depos- 
\  ited  was  the  base  of  tSe  alkali,  afterward  called  potassium. 

Soda,  when  submitted  to  a  like  process,  gave  a  similar  result,  and  the  metal  J 
5  educed  from  it  was  that  which  is  now  called  sodium. 

This  capital  discovery  was  made  in  October,  1807.     Potassium  was  d 
[  covered  on  the  6th  of  that  month,  and  sodium  a  few  days  after. 

Sensitive  friends  of  the  great  British  chemist  have  been  moved  to  vindic 
S  the  glory  of  this  discovery  from  those  who  would  tarnish  it  by  ascribing  tr  ' 
j   accidental  possession  of  the  laboratory  and  apparatus  of  the  Royal  Ins 
I  of  Great  Britain  a  share  in  producing  il.     These  generous  survivors  mi 
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(  quillize  i;heir  fears.     Possibly  such  vindication  may  be  called  for  by  a  portion  < 

>  of  the  present  generation  having  pretensions  sufficient  to  raise  them  to  the  < 
J  level  of  envy,  but  wanting  those  better  qualities  which  would  elevate  them  J 
5  above  it.  Certainly  no  such  apology  will  be  needful  with  posterity.  j 
I  The  strong  affinities  of  these  new  metals  for  one  or  other  of  the  constituents  J 
J  of  alniost  every  body  with  which  they  were  brought  in  contact,  and  of  every  J 
(  menstruum  or  atmosphere  with  which  they  could  be  surrounded,  was  very  em-  J 
)  barrassing,  and  rendered  the  examination  of  their  physical  properties  extremely  ? 

<  difGcult.  It  was  found  most  convenient,  either  to  preserve  ihem  in  a  tube  pro-  J 
i  tecled  from  the  contact  of  the  air  above  recently  distilled  naphtha,  or  to  allow  ) 
i  them  to  combine  with  mercury  so  as  to  form  an  amalgam,  and  in  that  state  to  \ 
}  preserve  them,  separating  them  hy  heat  when  the  pure  metal  was  required.        ? 

<  The  analogy  suggested  by  the  decomposition  of  the  fixed  altalies  naturally  J 
)  led  to  a  like  inquiry  with  respect  to  the  earths  which  enjoy  with  the  former  \ 
I  common  properties,  and  those  which  seemed  most  analogous  to  the  alkalies.  J 
S  Baryta,  strontia,  lime,  and  magnesia,  were  tried  by  like  methods,  but  without  j 
!  any  satisfactory  result.  Being  slightly  moistened  at  their  surfaces,  they  were  ! 
1  exposed  to  the  electric  current  transmitted  by  iron  wire  under  naphtha.  At  ? 
(  the  negative  pole  they  assumed  a  darker  color,  and  small  particles  appeared  { 
)  there,  showing  metallic  lustre,  and  which  gradually  whitened  by  exposure  to  ( 

<  air.  In  the  experiments  on  potassiumit  was  found  that  when  a  mixture  of  i 
j  potash  and  the  oxide  of  mercury,  tin,  or  lead,  was  exposed  to  the  Voltaic  cur-  ( 
(  rent,  decomposition  ensued,  and  an  amalgam  of  potassium  was  produced.  The  S 
S  same  method  was  accordingly  tried  with  the  alkaline  earths.  Mixtures  of  J 
J  these  substances  with  oxides  of  tin,  lead,  silver,  and  mercury,  were  exposed  > 

>  to  the  current.  In  these  cases,  a  small  quantity  of  a  substance  having  the  ( 
j  whiteness  of  silver  was  deposited  at  the  negative  pole,  which  was  found  to  be  J 
j  an  amalgam.  Still  the  results  were  not  conclusive  or  satisfactory.  ( 
j  The  labors  of  Davy  had  attained  this  point  when,  in  June,  1808,  he  re-  1 
)  ceived  &  letter  from  M.  Berzilius,  informing  him  that,  assisted  by  Dr.  Pontin,  { 
(  that  chemist  had  succeeded  in  decomposing  baryta  and  lime,  by  exposing  them  1 
)  in  contact  with  mercury  to  the  current.      Davy  immediately  repeated  the  « 

(  periment,  and  obtained  the  amalgam  of  the  metallic  base  of  baryta  at  the  nt^ 
;  ative  pole.  -This  was  accomplished  by  a  battery  of  500  pairs,  weakly  charged, 
5  acting  on  a  surface  of  slightly  moistened  baryta  through  the  medium  of  a  g!ob- 
)  ule  of  mercury.  The  mercury  gradually  became  less  fluid,  and,  after  a  few 
utes,  was  found  covered  with  a  white  film  of  baryta ;  and  when  the  amal- 
1  was  thrown  into  water,  the  latter  was  decomposed,  hydrogen  was  dis 
(  missed,  mercury  precipitated,  and  a  solution  of  baryta  formed.  A  like  pieces 
J  gave  a  similar  result  with  Mhie. 

Having  thus  verified  the  results  obtained  by  Berzelius,  Davy  extended  the  > 
lame  method  to  strontia  and  magnesia.     The  former  readily  yielded  ;  the  lat- 
er was  more  intractable.     By  continuing  the  process,  however,  for  a  longer  > 
ime,  and  keeping  the  earth  continually  moist,  at  last  a  combination  of  the  basis  ( 
!  with  mercury  was  obtained,  which  slowly  produced  magnesia  by  absorption  of  > 
j  oxygen  from  ihe  air,  or  by  decomposing  water.  J 

Thus  were  discovered  Barium,  Strontium,  Calcium,  and  Magnesium,  as  ? 
n  immediate  consequence  of  the  first  great  step  made  in  this  course  of  ' 
ation  by  the  discovery  of  potassium  and  sodium. 
The  nest  group  of  earths  brought  to  trial  consisted  of  alumina,  silica,  zirco- 
ia,  and  glucinia,  which  proved  more  refractory  than  any  of  ihe  former.  Driven  S 
I  search  of  other  methods  of  experimenting,  he  considered  minutely  their  ( 
j  qualities  in  relation  to  other  bodies,  with  a  view  lo  the  discovery  of  analogies  ) 
)  by  which  his  researches  might  be  conducted.     From  the  absence  of  any  U 
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J  in  alumina  and  silica  to  yield  to  the  attraction  of  the  electric  current  i 

!  the  direction  of  either  pole,  he  inferred  the  probabiHty  of  their  partaking  of  the  \ 
e  of  nntro-saline  substances,  and  attempted  their  decomposition  by  pro-  J 
:s  suggested  by  that  supposition.  Failing  in  these,  and  observing  that  j 
\  alumina  and  silica  have  both  a  strong  affinity  for  potash  and  soda,  and  eonsid- 
\  eting  that  such  affinity  could  not  proceed  from  the  oxygen  which  might  be  one 
(  of  tlieir  constituents,  he  inferred  that  it  must  be  a  quality  of  their  metallic  bases,  , 
\  and  h        w  uld        h  ,  be  probable  that,  if  mixed  with  soda  or  potash,  i 

DO    d       II  rrent,  the  base  might  be  made  to  separate,  and  V. 

tah        Iflohb         fh    alkali.     A  mixture  of  silica  and  potash,  in  tht 
j         n    f  X  accordingly  put  in  a  piatinum  crucible,  and  re^ 

\         fl    (1  harcoal  lire.     The  crucible  was  put  in  connexion  I 

'  b  h    po  pol      1      b    tery  of  five  hundred  pairs,  and  a  rod  of  platinum  J 

d  w  h    h        g  pole  was  brought  in  contact  with  the  alkaline  \ 

1  n       un       rh    m  he  end  of  the  negative  rod  touched  the  liquid,  glob- 

!  h        h       o  h      urface,  on  which  they  swam  about  in  a  state  of  \ 

U    n       mb  Wh  n  he  mixture  cooled,  the  platin 

d  h  Ik  1  d  1  X  wh  h  adhered  to  it  detached  ;  there  remained  upon  it  j 
11  n  tall  aJ  wh  h,  immediately  on  exposure,  became  covered  with  i 
h        ru  dm     f  which  burnt  spontaneously.     Being  plunged  in  wa-  J 

h        d    f  h    pi  produced  effervescence,  and  an  alkaline  solution  J 

i^as  formed,  which,  upon  examination,  was  proved  to  contain  silica.     The  s; 
irocesB  applied  to  alumni  gave  a  like  result. 

It  was  now  determined  lo  try  the  effect  of  the  Voltaic  current  upon  the  earths,  I 
n  contact  with  potassium  itself.  An  amalgam  of  potassium,  in  contact  wilh  } 
\  silica,  was  negatively  eleclritied  under  naphtha,  Afler  being  e 
)  hour,  the  amalgam  was  made  to  decompose  water,  and  the  alkali  thus  obtained  S 
\  was  neuiraliaed  by  acetous  acid.  A  white  precipitate  was  obtained  having  all  j 
)  ihe  characters  of  silica. 

he  same  process  was  applied,  with  the  same  results,  t 
5  and  zirconia.     It  was  inferred,  therefore,  that  these  earths  w 
,  to  which  respectively  the  names  of  Silicium,  Aldminith 
J  Zirconium,  were  given. 

Having  established,  by  direct  experiments,  the  fact  that  s 
laline  and  earthy  substances  were  oxides  with  metallic  bases,  ii  was  i:oiisiaii 
with  sound  physical  logic  to  assume,  as  a  general  law,  that  "  the  alkalies  a 
J  earths  are  oxides  of  melals." 

The  question,  how  far  the  volatile  alkali,  ammonia,  was  to  be  regarded 
j  relation  to  such  a  law,  naturally  presented  itself.     Without  reference  to  this  i 
\  analogy,  or  offering  any  hypothesis  to  explain  tly  fact,  Secbeck  had  already  J 
J  ahown  that  an  amalgam  could  be  obtained  by  the  action  of  ai  " 

}  ry.  This  fact  was  reproduced  by  Berzelius  and  Pontin,  and  communicated  by  < 
}  them,  with  various  circumstances  attending  it,  to  Davy.  Berzelius  maintained  ) 
!  that  ammonia  came  within  the  scope  of  the  general  law,  and  that  an  idea  which  < 
J  had  been  previously  thrown  out  by  Davy  was  justified  by  the  phenomena  which  i 
\  showed  that  ammonia  was  a  binary  metallic  base.  This  question  was  then  j 
J  taken  up  by  Davy,  and  the  experiments  of  Berzelius  repeated,  but  without  ar- 
■  ■  ig  at  any  certain  or  clear  result,  Gay-Lussac  and  Thenard  opposed  the  I 
7a  of  Davy  and  Berzeljus ;  and  a  contest  arose,  for  which,  as  it  has  little  i 
I  connexion  with  the  progress  of  electrical  science,  we  shall  merely  refer  lo  the  j 
)  scientific  periodical  works  in  which  it  was  carried  o 
' ;  has  been  already  observed,  that  the  character  ol 
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)  directly  from  discoverj    o  appl    anil 
t  the  announcement  of  >e  s  bj  ga        of   h 
»  of  tbe  pile,  is  found  h  s  I    11  an    hypo  h 
■  ind  aerolites.     The  me  all  c  b 
the  surface  of  be  e 
!  alloyed  with  tbe  more  p    fe     n     als  be 
J  for  oxygen.     But  tbe  same    ause  does  . 

r  parts  of  tbe  globe.     Let  tbe  possibil  y    f  b 
ira,  calcium,  or  any  other  metals  of  tb 
t  tbe  earth,  either  in  a  separate  state  or  in      i 
(  stances,  be  admitted ;  and  it  is  only  nee 
o  the  action  of  air  or  water,  to  ob 
s.     These  highly  combustible  n      11 
1  ygen,  attended  by  violent  combustion,  ar     j 
;  and  form  the  craters  of  volcanoes,  the  c  mb 
I  ejection  as  lava.     Tbe  f   ] 
'  from  the  same  causes,  their  luminous  app 
;  by  the  combustion  attending  the  combin 

>  enter  the  atmosphere. 

With  a  view  to  test  the  validity  of  these  ingenious  hypotheses,  Davy  inves- 
[  tigated  carefully  the  phenomena  of  active  volcanoes  ;  and,  not  tinding  them  lo 
I  be  in  sufficient  accordance  with  these,  he  relinquished  bis  theory,  without  any  I 
I  of  that  regret  which  attends  tbe  failure  of  a  favorite  hypothesis,  when  the  dis-  ; 
J  covery  of  truth  is  an  object  secondary  to  the  attainment  of  personal  distinc-  ( 

Tbe  powers  of  decomposition  and  transfer  by  Voltaic  electricity,  so  stri- 
)  kingly  exhibited  in  the  researches  of  Davy,  directed  the  attention  of  physiolo- 
(  gists  and  others  once  more  to  the  investigation  of  the  agency  of  electricity  in 
j  the  vegetable  and  animal  economy.  Tbe  experiments  which  had  been  made 
V  that  tbe  alkaline  and  earthy  elements  found  in  organized  vegetable  sub- 

>  stances  were  evolved,  by  the  process  of  vegetation,  from  air  and  water,  had  J 
(  always  been  inconclusive  and  tm  satis  factory ;    and  Davy's  experiments,  ii 

{  which  it  was  shown  that  even  in  water  carefully  distilled  there  is  still  held  in  , 
{  solution  a  portion  of  saline  or  metallic  matter,  together  with  tbe  known  fact,  ' 
r  almost  always  holds  in  mechanical  suspension  solid  matter  of  various  \ 
J  kinda,fiiiallyoverlurned  such  hypotheses.  All  the  subsiaacea  developed  in  or-  ' 
J  ganized  nature  may  be  produced,  by  ordinary  processes,  from  combination  of  ; 
J  known  constituents.  The  compounds  of  iron,  alkalies,  and  earthy  bodies  with  ^ 
'  mineral  acids,  abound  in  vegetable  soil.     The  decomposition  of  basaltic,  gran-  ! 

>  itic,  and  other  rocks,  affords  a  constant  supply  of  earthy,  alkaline,  and  ferru-  ( 
superiicial  part  of  the  earth.     In  the  seeds  of  all  plants  , 

j  which  have  been  examined,  nutro-saline  compounds,  containing  potash,  soda,  J 

IV  iron,  have  been  found.     It  is  easy  to  imagine  that  these  principles  pass  from  J 

vegetables  to  animals.  ,  s 

The  same  analogies  suggested  to  Dr.  Wollaston  the  idea,  that  something  > 

,  like  the  decomposing  and  transmitting  powers  of  tbe  pile  is  the  agent  to  which  J 

the  animal  secretions  are  due,  especially  as  tbe  existence  of  such  agency  in  a  ? 

I  considerable  degree  of  intensity,  in  certain  animals,  was  proved  by  the  effects  J 

j  of  tbe  torpedo  and  Gymnotus  electricus  ;  and  he  considered  that  the  universal  S 

j  prevalence  of  the  same  power,  lower  only  in  degree  in  other  animals,  wasren-  i 

dered  highly  probable  by  the  extreme  suddenness  with  which  the  nervous  in-  J 

fluftnce  is  propagated  from  one  part  of  the  living  system  to  another.     Although  S 

the  electric  power  of  deoomposition  and  transfer  has  been  experimentally  dem-  { 

onstrated  only  in  cases  of  comparatively  high  intensity  of  action,  yet  analogy  ' 
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5  countenanced  the  idea  that  very  feeble  electric  energies  would  produce  lil 
(  effects  more  slowly,  in  proportion  to  their  weakness.     To  illustrate  this  by  ii 
J  mediate  experiment,  he  tied  a  piece  of  clean  bladder  over  one  end  of  a  glass  ) 
)  tuhe  three  quarters  of  an  inch  in  diameter,  and  two  inches  long,  and  filled  it  ( 
J  with  water  holding  -yj^  of  its  weight  of  salt  in  solution.     Placing  it  o 
S  ling,  he  connected  the  silver  with  the  surface  of  the  water  by  a  wire 

ind  fovmd  that  alkali  was  transmitted  through  the  bladder  to  the  silver  by  the  > 

itlraction  of  the  negative  electricity.     Decisive  indications  of  this  w 

{  tained  in  five  minutes.     The  efficacy  of  a  power  so  feeble  confirms  t 

>  jecture  that  similar  agents  may  be  instrumental  in  various  animal  sec 

5  The  blood,  which  is  alkaline,  supplies  the  bladder  with  matter  in  which  acid  { 

strongly  manifested  ;  while  an  excess  of  alkali,  above  that  contained  in  the 
t  blood,  is  manifested  in  bile.     These  effects  would  be  explained  by  admitting  a 
j  permanent  state  of  positive  electricity  in  the  kidneys,  and  negative  electricity  J 
a  the  liver.     The  coincidence  of  this  view  with  the  guesses  of  Napoleon,  al-  , 
r  ready  mentioned,  is  curious  and  interesting."  | 

The  last  great  discovery  of  Davy  directed  the  attention  of  the  philosophers  ! 
)  of  the  continent  to  the  same  iield  of  inquiry  :  and,  much  as  had  been  expected  ; 
(  from  the  powers  of  the  pile  when  its  illustrious  inventor  expounded  its  nature 
(  and  properties  to  the  assembled  members  of  the  Institute  in  1 801 ,  it  was  n&w, 
(  from  day  to  day,  rendered  more  evident  that  these  powers  were  inadequately 
ted,  and  imperfectly  understood,  and  that  it  was  still  destined  K 
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i  every  branch  of  physical  s 

j  phenomena.     Napoleon,  in  the  m 

1  of  the  sciences  was  always  man 

[  Polytechnic  School  a  Voltaic  apparatus  of  imm 

)  Widi  this  instrument  MM.  Gay-Lussac  and  Then    ( 

j  investigation  of  the  powers  of  the  pile,  with    h 

1  especially  the  influence  which  the  number  of  h  ii 

I  nature  of  the  liquid  used  to  charge  the  pile,  hav  h 

I  suming,  as  a  modulus  of  the  chemical  energy  of  h    pi 

j  evolved  in  the  process  of  decomposition  in  a  m 

!  following  conclusions:     I.  The  decomposing  gy  d  | 

{  the  conducting  power  of  the  liquid  under  decomp 

!  that  which  is  used  to  charge  the  pile.     2.  It  is  gr         wh 

{  with  a  mixture  of  acid  and  salt,  than  with      1      1 

)  effects  are  proportional  to  the  force  of  the  acids  by  which  it  is  put  ir 

J  and,  4.  They  do  not  augment  in  the  same  ratio  as  the  nnmber  of  pairs  of  plates 

>  but  very  nearly  in  the  ratio  of  the  cube  root  of  that  number. 

That  part  of  the  electro- chemical  theory  of  Davy  in  which  the  negativi 
S  character  natural  to  certain  physical  elements,  and  the  positive  to  others,  is  as 
J  suraed,  was  implicitly,  if  not  expressly,  included  in  the  hypothesis  of  Grotthus.  [ 
'  Withont  such  a  supposition,  the  series  of  decompositions  and  recompositions  ■ 

lagined  by  that  philosopher  could  scarcely  be  admitted.  The  probabJe  con- 
i  nexion  of  chemical  attractions  with  electric  forces  had  been  also  conjectured  j 
5  by  Hube  it  his  Traite  de  Pkysigire,  and  Hitter  obscurely  expressed  some  ideas  ( 
S  of  the  same  kind.  Immediately  before  the  commencement  of  Davy's  re 
J  searches.  Oersted,  since  so  celebrated  for  his  discoveries  in  electro-magnetism 
S  promulgated  a  theory ,t  in  which  he  maintained  that  all  the  phenomena  of  chem 
)  istry  might  be  regarded  as  the  result  of  two  general  forces  common  to  all  mat-  ) 

t,  and  that  the  same  forces  produced  those  effects  which  were  rendered  s — 

'  See  PhiloBOphical  MagasmB,  vol.  xxiiiii.,  p.  1083. 
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(  sible  in  electric  attractions  and  repulsions.     This  work,  however,  was  exclu-  ' 
Bively  of  a  speculative  kind,  unsupported  by  any  experiments  which  could  give  { 
{  force  or  validity  to  the  theory  it  proposed. 

The  electro-chemical  theory  of  Davy  was  the  first  which  had  ever  professed 
t  to  be  based  on  clear  and  well- ascertained  facts.     It  was  laid  down  as  a  funda- 
S  menial  principle  in  this  theory,  that  when  two  bodies,  the  particles  of  which  ? 
(  are  in  opposite  electrical  states,  and  sufficiently  exalted  to  enable  their  electric  ) 
5  attraction  to  overcome  the  force  of  aggregation  of  their  particles,  are  brought 
0  contact,  they  will  unite,  and  heat  and  light  will  be  developed  by  the  com- 
lation  of  the  two  electric  fluids.     When  the  combination  is  eflecled,  all  signs 
I  of  electricity  cease,  as  would  necessarily  ensue  from  the  union  of  the  two  J 
>  fluids,  but  by  what  power  the   aggregation  of  the  new  compound  was  main-  ( 
I  tained  was  not  explained.  J 

lerzelius  atid  Ampere,  who,  of  all  the  philosophers  of  the  continent,  evinced  t 
(  most  justice  and  candor  in  their  appreciation-  of  Davy's  merit,  took  up  the  ) 
lectro -chemical  theory,  which  was  not  pursued  through  its  consequences  by  ( 
s  author,  owing  probably  lo  the  natural  disposition  of  his  mind  to  investigate  > 
ew  facts  rather  than  discuss  the  merits  of  hypotheses.     Berzelius  assumed  j 
J  that  the  constituent  atoms  of  bodies  were  not  only  naturally  electrical,  as  Davy  ! 
d  maintained,  but  that  they  possessed  electric  polarity,  and  that  the  intensi-  1 
s  of  their  poles  are  unequal.     He  investigated,  in  the  first  place,  the  two  ) 
J  questions.  How  electricity  exists  in  bodies  ?  and,  How  it  is  that  some  bodies  S 
ire  naturally  negative,  and  others  sometimes  positive  and  sometimes  negattie  '  i 
A  body  never  becomes  electric,  without  manifesting  the  two  opposite  electric  < 
j  principles,  either  in  different  parts  of  it,  or  in  the  sphere  of  its  action ,  when  ) 
two  electricities  appear  separately  in  a  continuous  body,  thej  are  always  ( 
j  found  on  opposite  sides.     The  tourmaline  and  some  other  crystals  offer  an  ex    ' 
^  ample  of  this.     But,  since  the  parts  of  a  body  possess  the  same  properties  a 
■  e  body  itself,  it  is  necessary  to  admit  that  bodies  are  composed  ol  atoms 
ich  of  which  has  an  electric  polarity,  and  its  poles  have  unequal  intensities 
(  On  this  polarity  depend  the  chemical  phenomena,  and  its  unequal  mtensitj  i. 
j  the  cause  of  the  different  force  exercised  by  their  affinities      Bodies  are  ac 
I  cordingly  electro-positive  or  electro-negative  in  combining,  according  as  thi 
influence  of  the  one  or  other  of  their  atomic  poles  predominates 

The   degree  of  polarity  in   this  theory  is  influenced  by  the  temperaturp 
)  Thus  many  substances  at  common  temperatures  manifest  but  feeble  electric  i 
{  polarity,  which,  at  a  red-heat,  show  a  very  strong  one. 

No  combination  can  be  effected  unless  the  polarized  molecules  of  onp 
J  both  of  the  combining  bodies  have  free  mobility  among  each  other,  each  being  ) 
.t  liberty  to  turn  on  its  own  centre  in  any  direction,  so  that  the  particles  m+v  j 
J  present  toward  each  other  thoir  contrary  poles  in  obedience  to  their  electric  J 
)  attraction.  This  condition  renders  it  necessary  diat  one  or  both  of  the  ci 
J  bining  bodies  be  in  the  iluid  state. 

The  vulnerable  point  of  this  theory  was  found  in  the  phenomeni  of  ag; 
Ration.     In  what  manner  can  the  electric  forces  which  it  assumes  produce 
}  hardness,  brittleness,  ductility,  and  tenacity,  of  different  species  of  solids,  the  i 
(  viscidity  of  liquids,  or  the  elasticity  of  gases  t 

Berzelius  admits  that  these  effects  are  not  explicable  by  this  hypothes 

tf.  Ampere  attempted  to  solve  this  question,*  by  assuming  that  the  atoms 

j  bodies  possessing  each  its  proper  electricity,  in  virtue  of  which  they  are  united  J 

J  in  combinations  in  the  same  manner  as  two  leaves  of  paper  oppusiteh  elec. 

\  fied  adhere  to  each  other,  also  act  by  their  electricity  on  thp  electriLitv  ol  ihe  J 

•  Jolinial  de  Phyaiqne,  1S21. 
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g  the  fluid  of  the  contrary  n 
The  atoms  are  therefore  consider 
L  yd      J  r ;    the  internal  charge  represeiiting/lhe 
m       d  he  external  that  which  is  drawn  from  the 
on  is  formed  between  an  electro -positive  j 
1  arge  takes  place  ;  the  atoms  dismiss  tlieir  J 

in  virtue  of  the  reciprocal  e 
The  atmospheres  of  the  aloms,  as  well  a 
d ;  but,  as  the  atoms  cannot  emerge  from  I 
of  iheir  atmospheres,  exerting  aitractiona  S 
lectrical  phenomena  the  reverse  of  those  j 

i,  being  subject  to  continual  oxyda 

as  to  render  it  necessary  to  repla 

J  of  the  pile  by  use  rendered  it  desira- 

g  a  pile  composed  of  solid  elements  only ; 

ly  be  entertained  by  ' 

dental,  and  not  essential,  to  the  develop- 

h  the  high  probability,  if  not  the  certainty, 

1 1  ,  must  render  abortive  all  attempts  at  the 

hes  have  nevertheless  beea  attended  with 

intended  originally  to  express  a  Voltaic  pile,  of  which 
all  the  elemenfs'were  solid;  and  the  advantages  of  such  an  instrument,  if  it 
could  be  discovered,  were  so  apparent,  that  the  attention  of  electricians  was  di- 
rected to  it  at  an  early  period  in  the  history  of  Voltaic  discovery.  If  a  pile 
composed  of  solid  elements  (thought  they)  could  but  be  discovered,  neither 
evaporation  nor  chemical  action  could  take  place ;  the  electricity  due  to  the 
contact  of  heterogeneous  bodies,  according  to  Volta's  theory,  would  be  conim- 
ually  evolved ;  and  as  the  bodies  evolving  it  would  suffer  no  change,  the  quan- 
tity and  intensity  of  the  electricity  supplied  by  the  instrument  would  be  abso- 
lutely uniform  and  invariable.  In  1803,  MM.  Hachetle  and  Desormes  substi- 
tuted starch  for  the  liquid  in  the  common  pile ;  and,  in  1809,  De  Luc  invented 
a  pile  appa  1)  f  f  any  liquid  elejnent.  This  apparatus  consisted  of  a 
column  form  d     i    I  disks  of  zinc  and  paper  gilt  on  one  side,  the  gilt 

sides  of  th  p  p  d  I  b  ng  all  turned  in  one  direction.  This  was  in  reality 
not  a  dry  p  /  1  p  p  nbibed  and  retained  moisture  enough  to  give  a  feeble 
activity  to  I       pp 

De  Luc     pi  mp    ved  by  Zamboni  in  1812.     He  rejected  the  djsks 

of  zinc,  and  mp  d  h  pile  of  disks  of  paper  only,  one  surface  being  tinned, 
and  the  0  1  d    1     ly  with  the  peroxide  of  manganese,  brushed  with  a 

mixture  of  fl  d  m  Ik    jor  gilt  or  silver  paper  may  be  used,  the  metallic 

surface  be  g  w  d  ha  saturated  solution  of  the  sulphate  of  zinc,  on 
which,  wh  d  h  p  oxide  of  manganeso  in  powder,  may  be  spread. 
Several  le  1  p  p       hus  prepared  are  placed  ono  upon  the  other,  and  cut 

;   into  the  req       d  f  m  by     circular  cutter.     As  many  disks  are  thus  formed  by 
one  operat  h  leaves  of  paper  superposed  ;  and  these  being  after- 

ward laid  p       h       her,  the  pile  is  formed.     This  pile  is  usually  placed 

inaholioi  jl  d  f  h  same  internal  diameter.  The  paper  disks  are  forced 
into  close  by  p       ure  produced  by  screws. 

Although,  by  the  aid  of  a  pondenser,  the  electricity  evolved  in  these  piles 
may  be  rendered  sensible,  and  sparks  may  even  be  obtained,  the  power  is  ii 
comparably  more  feeble  than  that  of  the  common  pile,  even  in  its  most  ineS 
cienl  state.     It  is  found  thai  by  increasing  beyond  a  certain  limit  the  number  I 
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S  of  disks  coi  pos    g  these  the  r  power  is  diminished.     Their  fl 
)  generally  1  m  ted  Co  tl  ose  prod  ced  on  the  condenser ;  but,  by  d  tr 
}  siderably  the  number  of  (1  sks  M.  Pelletier  has  succeeded 
water  by  these  ns  ruments      Their  action,  however,  ceases    ft 
a  certa  n  per  od  when  he  paper  has  lost  all  its  humidity. 

mgagement  of  electricity  in  this  pil 
'  e  from  the  contact  of  h 
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on  the  proof 

S  complica  ed      Be    des  what  n 
/  stances,  chemical  action  1 

J  upon  the  zinc  as  well  as  up       h    p         d      . 
o  a  lower  state  of  oxyda     n 
Zamboni  examined  ih      ff         p    d      d 
}  soaking  the  paper  to  wh    h    h  1     f  w 

i  found  that,  according  as  th  f  h       1 

J  the  poles  of  the  pile  wer     1  to  d  ff     n 

'q  oil,  the  poles  are  in  a  d  n     ry 

(  coating  of  manganese  is       d      0     h       h 
'  in  honey,  in  an  alkaline       I  1 

[  curdled  milk,  the  poles  h        h        m    p 
i  manganese. 

(       No  sensible  shock  is  d  f    m      p  I 

J  the  tension  at  the  poles  fE  p    d 

(  plane,  and  a  condenser  applied  to  one  of  the  poles  will,  m  a  lew  moments,  give  J 
J  sparks  an  inch  in  length,  and  a  Leyden  battery  may  receive  from  it  a  charge.  . 
The  conducting  power  of  the  vapor  suspended  in  the  atmosphere,  carrying  J 
>  away  a  portion  of  the  electricity  of  these  piles  from  their  poles,  produces  a  con 
i  tinual  variation  in  the  tension  of  the  electricity  at  these  points. 

Zamboni  found  that  the  energy  of  the  pile  was  greater  in  summer  than  ii 
vinier,  whether  measured  by  the  tension  of  the  electricity  at  the  poles,  or  thi 
■ate  at  which  the  fluids  were  produced  and  propagated.     M.  Donne  compared  ) 
(  the  tension  with  the  height  of  the  barometer,  but  could  discover  no  relation  be- 
)  tweea  them.     He  found  the  tension  the  same  in  a  vacuum  as  under  the  pressure  \ 
5  of  the  atmosphere.  < 

t  is  known  that  electricity  may  be  developed  on  a  plate  of  a  single  metal,  ? 
J  by  causing  one  surface  of  the  plate  to  be  acted  on  chemically,  in  a  degree  or 
j  manner  different  from  the  other  surface.  This  may  be  effected  fay  merely  render- 
<  ingonesurfacesmoothand  Che  other  rough.  This  expedient  is  said  to  have  been 
J  resorted  to  in  the  construction  of  a  Voltaic  battery  with  one  metal,  without  any 
J  liquid  element.  From  sixty  to  eighty  plates  of  zinc,  of  four  square  inches  of  J 
\  surface,  are  made  clean  and  polished  on  one  side,  the  other  remaining  rough  a: 

t  comes  from  the  mould.     These  are  fixed  in  a  wooden  trough  parallel  to  each  f 
j  other,  their  polished  surfaces  ail  turned  toward  the  same  end  of  the  trough,  and  ( 
J  with  an  open  space  between  the  successive  plates  of  from  the  tenih  to  the  f 
J  twentieth  part  of  an  inch.     These  intermediate  spaces  are  filled  by  thin  plat 
!  of  atmospheric  air.     If  one  extremity  of  this  apparatus  be  put  in  comra 
j  tion  with  the  ground,  and  the  other  with  an  electroscope,  the  latter  will  r 
a  very  sensible  charge. 

We  can  regard  the  dry  pile  in  no  other  light  than  as  an  extended  Voltaic  \ 
series.     The  moisture,  which  is  essential  to  its  activity,  is  in  the  condition  of  J 
anything  but  freedom  of  motion  ;  so  that  the  renewal  of  contact  by  the  pres-  ( 
ence  of  fresh  particles,  which  seems  essential  in  all  developments  of  electri( ' 
I  ty,  exists  in  the  lowest  degree  ;  and  then  again  the  feeble  chemical  actions  e 
S  isting  between  elements  under  circumstances  so  unfavorable,  ail  conspire 
C  producing  the  small  quantity  of  electricity  for  which  these  instruments  are  t 
J  mat*able ;  while  the  great  length  of  series  produces  the  high  tension  of  the  f 
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iy  that  chemical  decomposition  has  been  obtained  by 
M    ij  prepaired  10,000  Zamboni's  disks  ;  and  by  carefully 

I     n     y  h  ough  hydriodate  of  potassium  on  a  slip  of  glass,  he 
lip  of  iodine  on  the  wire  connected  with  the  oxide  of 

1    f   h  es.     He  could  not  obtain  heating  effects  on  Harris's 

P         I    s  he  allowed  the  charge  to  pass  in  sparks. 

wh    h  dry  piles  have  been  hitherto  applied  are — I.  To 
m     d  n,  by  an  electrical  pendulum  suspended  between  the 

(    w         h  piles  placed  side  by  aide,  so  that  the  positive  pole 
p  le  of  the  other  shall  be  at  the  summit.     This  motion 
d  aa  1        as  sufficient  moisture  is  retained  by  the  elements  of 
n  h        ctivity ;  but  it  will  not  be  regular,  since  the  develop- 
ywllL     affected  by  variable  atmospheric  causes.     3.  In  con- 
detect  the  presence  of  very  small  quantities  of  elec- 
f         pi      of  the  condenser.' 
1  d     h         tice  of  ihe  progressive  advancement  of  Voltaic  elec- 
rh    ph       nena  and  laws  whose  development  followed  the  ex- 
h        h  ch  have  been  explained,  will  probably  be  noticed  on  a 
1        I    hall  offer  a  view  of  the  actual  state  of  Voltaic  elec- 
w  h  magnetism  and  heat. 
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ITHE  MOON  AND  THE  WEATHER. 


Ancient  Prognostieaof  Aristolle,  Theophraatas,  Aralna,  The™,  Pliny,  Virgii.— Recent  PredietioDB.— 
Tlieoiy  of  Luaar  Altracljon  not  in  accordance  wiili  popular  Opinion.— Changes  otWealliercoia 
pared  with  Changes  of  tho  Moon.— Prevalenoe  of  Rain  compared  with  Lunar  Phases.- Direotioi 
of  the  Wind.— Height  of  Barometer  compared  with  Lnnar  Pbases.- Erroneons  Notions  of  Cycles  J 
of  ninEteen  and  nine  Years,— Cycle  of  fonr  and  eight  Years  mentioned  by  Pliny, 
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<  AND  THE  WEATHEH. 


;the  moon  and  the  weather. 


The  physical  laws  which  govern  ihe  phenomena  of  our  atmosphere,  and  reg-  | 
)  ulaie  the  changes  of  the  weather,  have  always  been  a  favorite  topic  of  specu-  ■ 
j  lation.  As  the  principles  of  astronomical  science  supplied  means  of  predicting,  ' 
'  with  the  highest  possible  degree  of  certainty  and  precision,  the  motions  and  I 

appearances  of  the  heavenly  bodies,  it  was  not  unnaturally  expected  that  al- 
[  raospherical  phenomena  might  be  brought  under  equally  clear  and  certain  rules. 
!  The  connexion  of  the  lunar  motions  with  the  tides  was  apparent,  long  before  \ 
lechanical  influence  by  which  the  moon  produced  the  rise  and  fall  of  the  ( 
rs  of  the  ocean  was  explained;  and  this  gave  countenance,  at  a  very  early  ) 
)  period,  to  the  idea  that  that  body  had  an  influence  on  the  atmosphere,  if  not  as  ( 
in  and  regular  as  on  the  waters,  still  sufllciently  so  to  furnish  probable  J 
'  grounds  for  conjecture  as  to  certain  periodical  changes.  ( 

But  even  before  analogies  of  this  kind  could  have  furnished  much  ground  for  ) 
'  reasoning,  and  when  the  heavenly  bodies  must  have  been  regarded  more  as  ! 
,  signs  than  causes,  meteorological  phenomena  were  connected  with  them  by  ) 
'  popular  observation.     The  influence  of  climate  on  all  the  interests  of  a  people  ( 
in  a  pastoral,  and  subsequently  in  an  agricultural  state,  is  obvious  ;  and  accord- 
ingly we  find  weather  prognostics  coming  down  by  tradition  from  the  most  re- 
mote antiquity.     By  a  course,  however,  contrary  to  most  other  subjects  of  ob- 
servation and  inquiry,  this  was  corrupted  rather  than  improved  with  the  progress  j 
5  of  knowledge  and  civilization  ;  and  what  was  once  a  mere  system  of  signs  of 
I  certain  present  state  of  the  atmosphere,  indicating  certain  approaching  changes, 
vas,  by  the  craving  of  philosophy  after  the  relations  of  cause  and  effect,  con- 
certed into  the  most  absurd  system  of  rules,  having  no  foundation  in  nature, 
lever  fulfilled  by  the  phenomena  except  fortuitously,  and  maintaining  their  as- 
lendency  by  the  unbounded  credulity  of  mankind. 
In  the  writings  of  Aristotle,  and,  after  him,  in  those  of  Theophrastus,  Aratus,  ] 
}  Theon,  and  others,  although  meteorology  is  treated  as  a  part  of  astronomy,  o 
j  astrology,  it  is  easy  to  trace  the  simple  views  of  the  more  ancient  and  less  phi- 
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losophical  observers,  and  to  perceive  that  the  appearances  referred  to  v 
them  regarded  merely  as  signs,  prognosticating  (whether  truly  or  not  v 
see  presently)  approaching  changes,  and  not  at  all  as  physical  causes  elfecting  j 
■these  ciiaoges. 

We  shall  limit  ourselves  to  a  few  of  the  more  remarkable  and  generally  re- 
ceived ancient  meteorological  maxims,  as  examples  of  the  whole. 

In  the  work  of  Aratus,  entitled  Aioffijf.ei'a  (prognostics),  and  in  the  Scho- 
lia of  Theon,  and  elsewhere,  the  appearances  of  the  moon  in  diiferent  phases 
are  described  as  prognosticating  the  weather  for  a  cetlain  time  to  come  : — 

iTifj-cMU  S'  ovt'  af  vojln  ^ir*  ^fJiaiTi  ■saxra  rinxrai. 

M^tf^JK  Six'tKjj.hi-'iS  ■  i5i;^a5os   yi  fJisv  '''Xf'S  ^•^'  auTiiv 

2)])ji.aivei  ifxifi-iivav  •  cEtoj  vitXiv  sx  Stxnit-iiviE 

Ec  Sixa.  fia  e^ijiiviiv  l^erai  Si  o\  mrixa.  tstjo^ 

Mi]vos  cwroi^fojwvoiJ.  APAT  iioiTijiiiiK. 

Sin  ortu  quarto  (namque  is  certissimus  auctor), 

Pura,  neque  obtusis  per  caelum  comibus  ibit, 

Totus  et  ille  dies,  et  qui  nascentnr  ab  illo, 

Exactum  ad  mensem  pluvii  ventisque  carebunt. 

Virgil,  Georg.,  Lib.  I.,  1.  432. 

If  the  horns  of  the  liinar  crescent  on  the  third  day  after  new  moon  are  sharply  ) 
and  clearly  defined,  the  weather  may  be  expected  to  be  fair  during  the  ensuing  J 
nionlh. 

Let  us  see  how  far  this  prognostic  will  stand  the  teat  of  rational  ( 
tion.  The  lunar  crescent  is  produced  by  a  peculiar  relation  of  position  which  / 
subsists  between  the  aspects  of  the  moon  presented  to  the  sun  and  earth.  If  J 
only  half  the  hemisphere  which  receives  the  sun's  light  be  presented  toward  J 
the  earth,  the  moon  is  exactly  halved  ;  if  a  quarter  of  the  hemisphere  be  turned  i 
to  the  earth,  the  moon  is  crescent,  and  its  age  is  then  nearly  four  days.  When  I 
less  than  two  days,  therefore,  less  that  one  eighth  of  its  illuminated  } 
re  is  presented  to  our  planet,  and  consequently  it  appears  a  very  thin 
evident  that  these  effects,  if  seen  through  perfectly  transpa-  J 


with  c 


md  that,  in  the  f 


1  position  } 


J  rent  space,  could  not  alter 

>  of  the  moon  with  respect  to  the  earth  and  sun,  the  crescent  must  bi 
J  equally  sharp  and  distinct.     But  when  the  moon  is  viewed  (i 
)  through  an  atmosphere  that  is  from  thirty  to  forty  miles  high — that  atmospnere 
J  being  liable  to  be  more  or  less  loaded  with  imperfectly  transparent  vapors — it 
?  will  be  seen  with  more  or  less  distinctness,  according  to  the  varying  transpa- 
J  rency  of  the  medium  through  which  it  is  viewed.     The  fact,  therefore,  of  the 
I  crescent  appearing  distinct  and  well  defined,  or  obscurely,  with  the  points  of 
J  the  horns  blunted,  is  merely  in  consequence  of  out  atmosphere  being  at  one 
ime  more  pure,  clear,  and  transparent,  than  at  another. 
When  the  moon  is  under  three  days  old,  it  is  only  visible  for  a  short  lime 
(  after  sunset,  and  therefore  the  phenomenon  in  question  can  only  be  observed  in 
J  the  evening,  a  little  above  the  western  horizon.     This  prognostic  of  Aratus 
j  may  be  thus  translated  ;     "  When  the  atmosphere  above  the  western  horizon 
"  soon  after  sunset  on  the  third  day  of  the  moon  is  serene,  the  weather  will  be 
"  fair  for  the  remainder  of  the  month  ;  but  if  it  be  loaded  with  vapors,  the  con- 
All  the  world,  says  Arago,  will  doubtless  reject  the  prognostic  when  thus 
j  stated  ;  nevertheless,  the  words  only  in  which  ii  is  expressed  are  changed,  the 
ling  being  absolutely  the  same. 
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E  MOON  AND  THE  WEATHER. 


But  what  shall  be  the  import  of  this  prognostic,  if  (as  must  frequently  hap-  J 
pen)  the  horns  of  the  crescent,  during  the  same  evening,  he  at  one  time  well,  ? 
and  at  another  ill  defined  ;  at  one  time  sharp  and  distinct,  at  another  time  blnnt  S 
and  confused  t  Are  we  then  to  infer  contradictory  propositions  ?  Shall  the  \ 
prognostic  be  true  for  both  or  false  for  both  ?  Another  prognostic  of  Aratus  is 
that  if  on  the  fourth  day  the  moon  project  no  shadow,  we  are  to  expect  bad  I 
weather  during  the  month. 

As  we  have  already  observed,  the  light  of  the  moon,  or  rather  the  light  of  ( 
the  sun  reflected  from  the  moon,  must  in  reality  be  the  sa 
fact,  always  appear  the  same  in  like  positions  to  an  eye  placed  beyond  the  ( 
limits  of  our  atmosphere.     The  presence  or  absence  of  shadow  is  merely  a 
indication  of  a  certain  intensity  of  light,  haying  reference  to  the  sensibility  of  ( 
the  human  eye.     That  the  moon  in  a  certain  phase  should  at  one  time  produc 
and  at  another  time  not  produce  a  shadow,  is,  therefore,  merely  an  indication  that  ( 
the  atmosphere  through  which  her  light  has  passed  is  at  one  time  more  trans- 
parent than  another.     Now  as  the  pure  atmosphere  has  always  the  same  de- 
gree of  transparency,  these  varying  effects  can  only  proceed  from  the  vapors  S 
which  are  mixed  with  it ;  and  thus,  as  before,  the  moon  in  this  case  is  only  a 
sign  of  a  certain  state  of  the  air  at  a  particular  time,  and  in  a  particular  direc- 
tion.    The  fourth  day  of  the  moon  is  selected,  because  on  that  day,  if  the  at- 
mosphere be  very  free  from  vapors,  the  light  of  the  crescent  is  just  sufficient  4 
to  produce  a  shadow ;  but  if  any  considerable  quantity  of  vapors  be  present  in 
the  atmosphere,  even  though  they  should  not  constitute  what  is  called  a  cloud, 
they  may  impair  its  transparency  so  much  as  to  deprive  the  faint  light  of  the  i 
lunar  crescent  of  the  power  of  producing  a  shadow.     Thus,  as  in  the  former  J 
case,  the  moon  is  here  used  as  a  meteorological  instrument  to  ascertain  the  hu- 
midity of  the  air,  and  that  only  in  the  western  direction,  at  or  after  sunset ;  so 
that  when  translated  into  its  true  meteorological  language,  this  prognostic  is  j 
equivalent  to  that  to  which  we  have  just  adverted. 

Varro,  as  quoted  by  Pliny,  gives  the  foDowing  meteorological  maj 
eens  Luna  si  coritua  superior  obatro  sarget,  pluvias  decrescens  dabit ; 
ante  pleniiujtivm ;  si  in  media  nigritia  itlafuerit,  imbrem  in  plena. 

"  If  the  new  moon  have  its  upper  horn  darkened,  the  declining  n 
attended  with  tain ;  if  the  new  moon  have  its  inferior  horn  darkened,  there  i 
wilt  be  rain  before  the  full  moon  ;  and  if  the  middle  of  the  crescent  be  dark-  \ 
ened,  there  will  be  rain  at  the  full  moon." 

The  obscurity  here  mentioned  must,  like  those  already  alluded  to,  be  produced 
by  the  atmospheric  vapors,  rendering  the  medium  through  which  the  crescent  is 
beheld  imperfectly  transparent.     If  two  lines  be  conceived  to  be  drawn  from  ( 
the  eye  of  the  observer  in  the  direction  of  the  points  of  the  horns,  a 
mediate  line  toward  the  middle  of  the  crescent,  it  will  be  evident  that  these  lines  i 
will  diverge  from  one  another  very  slightly.     Now  the  obscurity  of  either  the  i 
upper  or  lower  horn,  or  of  the  middle,  the  other  parts  being  clear,  would  only  ( 
indicate  the  presence  of  imperfectly  transparent  vapor  in  the  direction  of  one 
of  these  lines,  from  which  the  others  are  free.     To  what,  then,  will  this  prog- 
nostic amount  ?     That  if  the  highest  of  these  lines  happen  to  encounter,  at  any 
point  of  the  space  which  it  traverses,  a  suiKcient  quantity  of  vaporous  matter  j 
to  render  the  superior  horn  indistinct,  rain  may  be  expected  toward  the  de- 
cline of  the  moon  ;  if  a  like  portion  of  vapor  be  found  in  the  direction  of  the  ( 
middle  line,  from  which  the  other  two  lines  are  free,  rain  may  be  expected  at  J 
the  full  of  the  moon  ;  and  if  the  obscure  vapor  be  in  the  direction  of  the  li 
to  the  lower  horn,  rain  may  be  expected  in  the  increase  of  the  moon  !     It 
presumed  that  the  absurdity  of  all  this  is  suiEcientiy  glaring,  but  it  will  be  ri 
'     5d  more  so  if  it  be  considered  that,  by  the  spectator  changing  his  position  ) 
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,  may  discard  predictK 
)  define,  from  day  to  day,  the  state  of  the  weather.  There 
5  who  do  not  look  for  a  change  of  the  weather  with  a  change 

a  belief  nearly  universal,  that  the  epochs  of  a  new  and  full  moon  are  in  the 

J  great  majority  of  instances  attended  by  a  change  of  weather,  and  that  the  quar- 

)  ters,  though  not  so  certain,  are  slill  epochs  when  a  change  may  be  probably  ex- 

jected.     Those  who  have  least  faith  in  the  meteorological  inlluence  of  the  moon, 

ixtend  their  belief  thus  far. 

There  are  two  ways  in  which  this  question  may  be  considered.     It  may  be 

i  asked  whether,  by  the  known  principles  of  physics,  the  moon  can  have  any, 

5  and  if  any,  what  influence  on  our  atmosphere  1     And  whether  that  influence  bo 

I  such  as  would  cause  a  change  of  weather  at  the  epochs  of  the  principal  pha- 

O  ,  on  the  other  hand,  we  may  limit  the  inquiry  to  the  mere  matter  of 

f  d  ask  whether,  by  immediate  observation,  it  has  been  found  that  the 

p    1      f  the  chief  lunar  phases  have  been,  in  the  majority  of  instances,  at- 

nd  d  bv  changes  of  weather  ?  or,  to  put  the  question  more  generally,  whem- 

a  y  per'wdiciiy  of  atmospheric  phenomena  is  actually  observed  to  correspond 

I   w  uld  seem  at  first  view  thai  neither  of  these  inquiries  could  be  attended 
w    h  a  }  doubt  or  difficulty ;  yet  the  case  is  quite  otherwise.     The  former,  in- 
I      g    s  it  does  the  whole  theory  of  the  moon's  attraction  on  our  atmosphere, 
m  d  fi  d  by  a  multitude  of  disturbing  causes,  is  a  physical  problem  as  difficult 
d      mplicaled  as  could  well  be  propounded.     Indeed,  it  is  one,  taken  in  its 
n  mprehensive  form,  which  does  not  admit  of  solution  in  the  present 

of  physical  science.     The  latter  being  merely  a  question  of  fact  and  ob- 
is noi  attended,  properly  speaking,  with  ultimate  difficulty,  but  it  is 
h    h  would  require  a  course  of  observation  carefully  and  accurately 
onlinued  for  a  series  of  years.     Such  observations  when  skilfully 
nd  discussed,  would  furnish  grounds  for  safe  and  certain  conclusions. 
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But  such  observations  have  not  been  carried  to  the  necessary  extent.  If  the  ques- 
tion of  fact  were,  whether  there  be  any  obvious  and  glaring  correspond! 
periodicity  between  the  lunar  phases  and  the  atmospheric  vicissitudes,  it  would 
be  instantly  answered  in  the  negative.  For  although  we  do  not  possess  sufficient- 
ly accurateand  long-continued  series  of  observations  10  decide  the  question  wheth- 
er the  moon  has  any  atmospheric  influence,  AouieuerjmciW,  we  possess  a  sufficient 
body  of  ascertained  facts  to  justify  the  conclusion  that  her  influence  is  certain- 
ly noi  considerable,  and  that,  whatever  be  its  amount,  it  is  probably  in  a  great 
degree  obliterated  by  the  vast  number  of  modifying  and  disturbing  causes 
which  are  constanil)'  in  action. 

Let  us  consider  for  a  moment  the  theoretical  question.  If  the  moon  can  act 
upon  our  atmosphere  by  attraction,  as  she  acts  upon  the  waters  of  the  ocean, 
she  will  produce  atmospheric  tides,  similar  to  those  of  the  waters.  The  great- 
er mobility  of  air  will  cause  those  tides  to  be  formed  more  rapidly  than  the 

water  tides ;  and  it  may  be,  perhaps,  assumed  that  the  tides  of  the  atmosphere 
]   will  always  be  placed,  either  exactly,  or  very  nearly  under  the  moon.     Thus, 

«s  there  is  Aigk  water  twice  daily,  so  would  there  be  high  air  twice  daily  ;  and 

•he  limes  of  this  air  tide  would  correspond  with  the  moments  of  the  transit  of 

•iie  moon  over  the  meridian  above  and  below  the  horizon. 

The  same  causes,  also,  which  at  new  and  full  moon,  produce  spring  tides, 

and  at  the  quarters,  neap  tides,  would  produce  spring  and  neap 

lidea  at  the  same  epochs.     At  new  and  full  m( 

be  higher,  daily,  at  noon  and  midnight  than 

month  i  and,  on  the  other  hand,  at  the  quarlerf 
If,  then,    the  barometer  be  obseri'ed    twi 

the  moon's  transit  over  the  meridian,  above 

(so  far  as  it  wiO  be  affected  by  the  sun  and  t 

and  full  moon,  and  lowest  at  the  quarters.     Now 


therefore,  the  air  ought  l< 
any  other  times  during  the  J 
.  ought  to  be  lower, 
daily,  viz.,    at  the 
d  below  the  horizon,  it  ought  j 
on)   to  be  the  highest  at  new   j 
of  the  barometer  J 


{  generally  indicates  fair  weather,  and  its  fall  foul  weather,  the  conclusion  to  J 
{  which  this  would  lead,  would  be,  that  the  epochs  of  new  and  full  moon  should  J 
be  generally  fair,  while  at  the  quarters  bad  weather  would  generally  prevail.  S 
This,  however,  is  not  the  popular  opinion.     The  traditional  maxim  is  that  a  ) 
change  may  be  looked  for  at  new    and  full  moon ;  that  is,  if  the  weather  be  J 
j  previously  "fair,  it  will  become  foul ;  if  previously  foul,  fair. 
(       M.  Arago  has  made  an  ingenious  attempt  at  the  evaluation  of  the  very  m 
I  nute  effect  of  what  we  have  called  atmospheric  tides.     To  comprehend  his  re: 
i  soning  it  will  only  be   necessary  to  consider  that,  at  a  new  and  full  moot 
rridian  above  and  below  the  horizon  together 
}  and  therefore,  that  high  air,  or  atmospheric  tides,  must  at  these  times  take  plac 
n  and  midnight ;  low  air  would  therefore  occur  about  six,  A.  M.,  and  sii 
}  P.  M.     Thus  so  far  as  the  attraction  of  the  moon  affects  the  atmosphere,  th 
J  barometer,  which  rises  and  falls  as  the  atmosphere  rises  and  ialh,  mould  be  ) 
d  by  an  ascending  movement  for  six  hours  before  noon  and  midiught,  \ 
\  and  for  six  hours  after  these  times.     But,  when  the  moon  is  m  the  quarters,  , 
(  being  then  one  fourth  of  the  heavens  removed,  before  or  behmd  the  sun,  it  will  j 
lass  the  meridian,  whether  above  or  below  the  horizon,  about  six  hours  later  J 
ir  earlier  than  the  sun.     At  the  quarters,  therefore,  the  atmospheric  tides  would  J 
iccur  about  six,  .A.  M.,  and  six,  P.  M.     Thus  at  the  quarters  the  barometric  > 
\  column,  so  far  as  it  is  influenced  by  the  moon's  attraction,  would  be  affected  j 
\  with  a  descending  motion  for  about  six  hours  after  these  times.     It  will  be  ev- 
mt,  that  if  we  were  in  a  condition  to  estimate  the  amount  of  these  baromet- 

movcments,  we  should  be  at  once  in  a  condition  to  declare  the  amount  of  \ 
1  lunar  attraction  on  our  atmosphere. 
But  these  effects,  if  appreciable  at  all,  are  modified  by  at  least  one  other  ir 
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!  flnence,  which  has  been  the  subject  of  certain  and  satisfactory  observation. 
I  There  is  a  daily  fluctuation  in  the   barometric   coluinn,  called  the  diurnal  van- 
1,  which  has  an  obvious  relation  to  the  apparent  diurnal  motion  of  the  sun, 
j  and  which  probably  is  caused  by  solar  heat.     It  is  observed  that  the  baromet-  \ 
(  lie  column  falls  daily,  from  nine  in  the  morning  till  noon.     In  Europe,  this  J 
{  effect  is  frequently  obliterated  by  other  disturbing  causes  ;  but  ti  is  always  ob-  { 
(  servable  when  a  mean,  is  taken  of  observations,  continued  for  any  considerable  i 
j  number  of  days.     This  diurnal  variation  will  be  combined  with  the  eifect  of  the  ( 
J  lunar  attraction  in  the  results  of  the  observations.     Now  at  a  new  and  full  J 

in  these  causes  produce  contrary  effects  on  the  barometric  column.  D 
J  ring  the  three  hours  preceding  noon,  the  lunar  attraction  has  a  tendency  to  ii 
j  part  to  it  an  ascending  movement ;  while,  by  reason  of  the  diurnal  variation, 
J  would  have  at  the  same  time  a  descending  movement ;  the  result  would  co 
(  sequently  be  the  difference  of  the  two  eff'ecfs.  If  the  diurnal  variations  we 
i  equal  to  the  eff'ects  of  the  moon's  attraction,  the  motions  would  neutralize  ea 
\  other,  and  the  column  would  be  stationary  j  but  if  they  be  unequal,  the  column  { 
)  will  ascend  or  descend  by  their  diff'etence.  At  the  quarters  these  two  effects  j 
wUl  conspire  in  producing  a  descending  movement  of  the  barometric  i 
umn  during  those  hours  before  noon,  and  the  result  of  observation  will  be  a  J 
(  descent  equal  to  tile  sum  of  the  two  effects. 

Observations,  therefore,  made  at  and  before  noon  at  the  times  of  new  a 
uU  moon,  and  at  the    quarters,  ought  to  supply  estimates  of  the  sum  and  the  J 
J  diff'erence  of  these  two  physical  effects ;  and  if  such  observations  be  continued  J 
a  sufficient  length  of  time,  a  mean  estimate  may  be  obtained  from  which  the  J 
J  effects  of  disturbing  causes  will  be  eliminated.     M.  Arago  has  applied  this  ? 
lethod  of  investigation  to  a  series  of  observations  conducted  for  twelve  years  < 
n  Paris,  and  he  has  found  that  the  effect  of  the  lunar  attraction  on  the  barom- 
:ters  produced  between  the  high  and  low  slates  of  the  atmosphere,  correspond- 
J  ing  to  high  and  low  water,  cannot  exceed  the  six  hundredth  part  of  an  inch — 
a  quantity  too  small  to  be  appreciated  by  any  meteorological  instruments,  and, 
certainly  such  as  could  produce  no  sensible  eff'ect  on  flie  atmosphere. 

It  is  evident,  then,  that  if  the  moon  has  any  influence  on  our  atmospher 
it  does  not  proceed  from  any  cause  analogous  to  that  which  produces  the  tides  of  S 
the  ocean  ;  and  therefore,  that  the  fact,  that  the  moon  does  produce  such  tides  j 
can  aiford  no  connienance  to  her  imputed  meteorological  influence. 

But  it  may  be  said  that  although  the  moon  may  not  affect  the  atmosphere  by  { 
her  gravitation,  yet  she  may  influence  it  by  her  light,  or  by  electrical  or  nn 
j  netical  emanations,  or,  in  fiiie,  by  some  occult  physical  causes  not  yet  discover- 

jy  astronomers.     This  is  an  objection  that,  from  its  vagueness  and  indefi-  \ 
(  niteness,  is  difficult  to  be  rebutted  by  any  means  which  theory  can  furnish.     It 
>  is  known  that  the  light  of  the  moon  concentrated  in  a  point  by  the  most  pow- 
(  erful  burning  lenses,  is  incapable  of  producing  the  slightest  sensible  effect  on 
}  the  moat  susceptible  thermometer,  neither  is  it  found  to  produce  any  effects  ) 
an  electrical  or   magnetical   kind.      It  may  be  assumed  generally,  that  \ 
\  the  effects  commonly  imputed  to  the  moon,  in  producing  change  of  weather  a 
(  her  principal  phases,  are  so  contradictory  that  it  is  impossible  to  imagine  an; 
i  physical  causes  which  could  account  for  them.     If  the  new  and  full  moon  ant 
J  ^  quarters  are  attended  by   changes  of  the  weather,  the  cause  producing  J 
effect,  under  the  same  circumstances,  has  incompatible  influences  :  if  fair  J 
J  weather  precede  the  phase,  the  supposed  physical  cause  must  be  such  as  to  ' 
j  capable  of  convening  it  into  foul  weather ;  and  if  foul  weather  precede 
{  phase,  lie  same  cause  must  convert  it  ialo  fair  weather.     Il  will  be  admitted  J 
}  that  it  is  hard  to  imagine  any  physical  agent  whatever,  which,  under  precisely  I 
\  the  same  circucnsiances,  shall  prodnce  upop  the  same  body  effects  so  oppos" 
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But  let  us  dismiss  tie  theoretical  view  of  the  question,  and  inquire  as  to  the  > 
facta.      Has  it  been  found,  as  a  matter  of  fact,  that  the  epochs  which  mark  the  I 
principal  phases  of  the  moon  have  been,  in  the  majority  of  cases,  attended  with  j 
a  change  of  weather  ?     Before  this  question  can  satisfactorily  be  answered,  it  \ 
will  be  indispensable  that  the  meaning  of  the  phrase,  change  of  weather,  be  dis-  { 
tinctly  understood.     An  observer  who  is  predisposed  to  a  belief  in  the  influ-  ' 
ence  of  the  lunar  phases,  wiU  consider  himself  warranted  in  classing  as 
change  of  weather,  every  transition  from  a  calm  to  a  wind,  whether  feeble  c 
forcible — every  change  from  a  clear  and  serene  firmament  to  one  ever  so  little  \ 
clouded — from  a  firmament  a  little  clouded  to  one  quite  covered  over, 
will  consider  the  change  from  a  day  absolutely  free  from  rain  to  one  in  which  \ 
a  few  drops  may  chance  to  fall,  as  well  entitled  to  be  recorded  as  a  chang» 
weather  as  if  the  transition  had  been  from  a  day  absolutely  fair  to  one  of 
cessant  rain.     On  the  other  hand,  a  disbeliever  in  the  lunar  influences  will  f 
class  all  very  slight  changes  as  settled  weather,  and  will  only  register  as  chan-  \ 
ges  those  of  a  very  decisive  character.     These  are  difEcnllies  hard  to  remove,  ' 
but  unless  they  be  removed  how  is  it  possible  to  compare  together,  with  any 
probability  of  arriving  at  the  truth,  the  records  of  different  observers  ?    What  J 
value  or  importance  are  we  to  attach  to  the  results  of  any  such  observations, 
unless  the  prejudices  of  the  observer  are  admitted  into  our  estimate  1 

Toaldo  has  given  the  result  of  a  comparison  of  observations  continued  for  ( 
forty-iive  years  at  Padua,  in  which  changes  of  weather  are  recorded  in  juxta- 
position with  the  lunar  phases.     Without  detailing  the  particulars  of  these 
calculations,  we  may  state  at  once  the  following  results  of  them.     He  found  ! 
?  that  for  every  seven  new  moons  the  weather  changed  at  six  and  was  settled  only  J 
le ;  for  every  six  full  moons  the  weather  changed  at  five  and  was  settled  ) 
e ;  for  every  three  epochs  of  the  quarters  diere  were  two  changes  of  j 
J  weather. 

He  also  examined  the  stale  of  the  weather  in  reference  to  the  moon's  dis- 

ance   from  the  earth,  which  is    subject  to   some  variation.     The  position 

}  of  the  moon  when  most  distant  from  the  earth  is  called  apogee,  and  her  posi- 

5  tion  when  nearest  is  called  perigee.     He  found  that  of  every  six  passages  of 

Q  through  perigee  there  were  five  changes  of  weather  ;  and  of  every  five 

h.  apogee  there  were  four  changes  of  weather.     It  is  clear  that  if  these 

j  results  would  bear  the  test  of  rigid  examination,  they  would  be  decisive  in  fa- 

or  of  the  popular  notion  of  the  influence  of  the  lunar  phases.     But  let  us  see 

a  what  manner  Toaldo  conducted  his  inquiry. 

He  was  himself  an  avowed  believer  in  the  lunar  influence,  not  merely  upon 
lie  atmosphere,  but  even  on  the  state  of  organized  matter.  In  his  memoir  he 
i  has  not  informed  us  what  atmospherical  changes  he  has  taken  as  changes 
{  of  weather ;  and  it  is  fair  to  presume  that  the  bias  of  his  mind  would  lead  him 
1  class  the  slightest  vicissitudes  under  this  head.  But,  further,  Toaldo,  in 
(  recording  the  changes  of  weather  coinciding  with  the  epochs  of  the  phases, 
S  did  not  confine  himself  to  changes  which  took  place  upon  the  particular  day 
(  of  the  phase.  On  the  pretext  that  time  must  be  allowed  for  the  physi- 
luse  to  produce  its  elTect,  he  took  the  results  of  several  days.  At  the 
ind  full  moon  he  included  in  -his  enumeration  all  changes  which  took 
i  place  two  or  three  days  before  or  two  or  three  days  after  the  day  of  new  or 
J  full  moon  ;  while  for  the  quarters  he  only  included  the  day  preceding  and  the 
j  day  following  the  phases ;  and  for  epochs  not  coincident  with  the  lunar  yha- 
mly  counted  the  changes  of  weather  which  took  place  on  the  particular 
)  day  in  question. 

pears,  then,  that  by  the  changes  coinciding  with  a  new  and  full  moon 
d  by  Toaldo  are  understood  any  changes  occurring  within  the  space  of 
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from  three  W>  five  daya ;  for  the  changes  recorded  at  th«  quarleia  are  to  be  un- 
derstood those  which  occurred  within  the  space  of  two  oc  three  days ;  and  for 
those  not  coinciding  with  the  phases  the  changes  which  occurred  on  a  particu- 
lar day  It  wiil  not,  we  presume,  rei^uire  much  mathematical  sagacity  to  per- 
ceive that  the  results  of  such  an  inquiry  must  have  been  just  what  Toaldo  found 
them  to  be  ;  and  that  if  instead  of  taking  the  epochs  of  the  lunar  phases  he  bad 
taken  any  other  periods  whatsoever,  and  tried  them  by  the  same  test,  he  would 
havt  amved  at  the  same  results.  Five  days  at  the  new  and  full  moon  would 
include  rather  more  than  a  third  of  the  entire  lunar  month ;  and  thus  a  third  of 
all  the  changes  of  weather  which  occurred  in  that  period  were  ascribed  by  To- 
aldo to  the  lunar  influence  at  these  epochs. 

Professor  Pilgrim  has  examined  a  series  of  observations  on  the  lunar  phases  \ 
as  connected  with  the  changes  of  weather,  made  at  Vienna,  and  continued  from  \ 
1763  to  1787 — a  period  of  25  years — and  he  has  found  that,  of  every  hun-  j 
dred  cases  of  the  phases,  the  proportion  of  the  occurrence  of  changes  to  that  ■ 
of  the  settled  stale  of  the  weather  was  as  follows : — 

Chargsi.        Settled  Weatber. 

New  moon 58 43 

Full  moon 63 37 

Quarter 63 37 

Perigee 72 28 

Apogee 6* -  36 

New  moon  at  perigee 80 SO 

New  moon  at  apogee 6-1 36 

Full  moon  at  perigee 81 19 

Full  moon  at  apogee 68 32 

Admitting  these  results,  it  would  follow,  contrary  to  popular  belief  and  to  the 
observations  of  Toaldo,  that  the  new  moon  is  the  least  active  of  the  phases  ;  and 
that  the  full  moon  and  quarters  are  equally  active ;  also  that  the  influence  of 
perigee,  or  tlie  nearest  position  of  the  moon,  is  greater  than  than  that  of  any  of 
the  phases,  while  the  influence  of  apogee,  or  its  greatest  distance,  is  equal  to 
that  of  the  quarters  and  full  moon,  and  greater  than  that  of  the  new  moon. 

But  Pilgrim's  calculations  ate  liable  to  objections  similar  to  those  to  which 
Toaldo's  are  obnoxious.  Like  Toaldo,  he  included  in  his  enumerations  of 
changes,  corresponding  to  the  phases,  changes  which  occurred  the  days  pre- 
ceding and  following  the  phases  :  this  being  the  case,  the  only  wonder  is  that 
the  proportion  which  he  has  found,  especially  for  the  new  moon,  is  not  more 
favorable  to  his  hypothesis.  But  independently  of  this,  Pilgrim's  results  are 
not  entitled  to  any  confidence  :  they  bear  internal  evidence  of  their  inaccuracy  ; 
and  besides,  the  observations  were  not  continued  for  a  suflicient  length  of  time 
to  give  a  safe  and  certain  conclusion. 

In  the  years  1774  and  1775,  Dr.  Horsley  directed  his  attention  to  the 
question,  and  published  two  papers  in  the  PhilosopMcal  Transactions  (to  which 
we  have  already  adverted),  with  a  view  to  dispel  the  popular  prejudice  on  the 
subject  of  lunar  influences.  Horsley's  observations,  however,  were  confined  to  so 
short  a  period  of  time  (two  years)  that  they  could  not  be  expected  to  alford  any 
satisfactory  results.  He  found  that  in  the  year  1774  there  were  only  two 
changes  of  weather  which  corresponded  with  the  new  moon,  and  none  with 
the  full  moon ;  and  that  in  the  year  1775  there  were  only  four  changes  which 
corresponded  with  the  new  moon,  and  three  with  the  full  moon. 

Dismissing,  then,  this  popular  notion  of  the  correspondence  of  changes  of 
the  weather  with  the  lunar  phases,  let  us  consider  the  question  of  lunar  influ- 
ences in  a  more  general  point  of  view,  and  see  whether  observation  has  sup- 
plied any  ground  for  the  supposition  of  any  relation  of  periodicity  between  the 
id  the  weather.     M.  Schiibler  examined  this  question  with  considera- 
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ble  care  so  recently  as  1830,  and  published  the  results  of  his  observations,  i 
which,  shortly  after,  were  re-examined  by  M.  Arago. 

Schiibler's  calculations  were  founded  on  meteorological  observations  made  } 
at  Munich,  Slutgard,  and  Augsburg,  for  twenty-eight  years.*  His  object  v 
to  ascertain  whether  any  correspondence  existed  between  ihe  lunar  phases  and  ) 
the  quantity  of  rain  which  fell  in  different  parts  of  the  month.  He  defined  a 
rainy  day  to  be  one  in  which  a  fall  of  rain  or  snow  was  recorded  in  the  mete- 
orological journals,  provided  it  affected  the  rain  gauge  to  an  extent  exceeding  j 
the  six  hundredth  part  of  an  inch.  The  following  are  the  results  of  his  obser- 
vations nf  the  number  of  wet  days  which  occurred  in  each  quarter  ef  the 
month,  and  in  each  half  of  the  month. 


From  the  new  moon  to  the  first  quarter. . . 

Prom  tbe  first  quarter  to  the  full  moon 

From  the  full  moon  to  the  last  quarter 

From  the  last  quarter  to  the  new  moon. .. 


Excess  during  the  first  interval. , 


M.  Schiibler  also  calculated  the  number  of  rainy  days  which  happened  upon  i 
the  days  of  the  principal  phases,  including  not  merely  days  of  new  and  full  J 
moons,  and  the  quarters,  but  also  the  days  of  the  octants  intermediate  betwi 
these.  The  following  table  includes  the  results  at  which  he  arrived ;  first  for  j 
twenty  years' observation  and  then  for  the  whole  period  of  twenty-eight  years.  He  i 
look  at  each  phase  the  mean  of  two  consecutive  days,  with  a  view  to  obliterate  J 
the  effect  of  disturbing  causes,  and  obtain  a  more  regular  series  of  numbers  :- 


On  the  day  of  the  new  moon 

On  the  succeeding  day 

On  the  day  of  the  first  octant 

On  the  succeeding  day 

On  the  day  of  the  first  quarter 

On  the  succeeding  day 

On  the  day  of  the  second  octant 

On  the  succeeding  day 

On  the  day  of  the  full  moon 

On  the  succeeding  day 

On  the  day  of  the  third  octant 

On  the  succeeding  day 

On  the  day  of  the  last  quarter 

On  the  succeeding  day 

On  the  day  of  the  foarth  oclani 

On  the  succeeding  day 

•At  Monioh,  from  1781,10  178a  incloalvei  at  Stutgard,  frou 


I  losted  by 


Google 


Th       tables  agree  in  indi      ng  ta   li     I     bl      1    mess,  an  increase  of  the 
mb       f  rainy  days  from    h        w  m    n         h  ond  octant,  that  is,  from 

d  y  of  the  new  moon  h       I         h  d  j     f  the  moon's  age ;  after- 

d  h    e  is  a  gradual  dec  h     n  n     um        urring  between  the  last 

rt       nd  the  fourth  octant 

S    f     as  these  observatio      n   y  b       1    d    p  would  follow,  that  in  the 

j  pi  here  they  were  mad  ,    u     f       ry  10,000        ydays  the  foUowing  are 

j  the  number  of  those  days  which  would  happen  at  the  different  lunar  phases  : — 

New  moon 306 

Fii  at  octant 306 

First  quarter, 325 

Second  octant 341 

Full  moon 337 

Third  octant 313 

Last  quarter 284 

Fourth  octant 290 

Now  as  there  are  twenty-nine  days  and  a  half  in  the  lunar  month,  if  we  aup- 
(  pose  the  fall  of  rain  to  be  distributed  equally  through  every  part  of  the  month,  the 
j  total  number  of  these  10,000  days  which  should  happen  on  the  eight  days  of  the 
ses,  would  be  found  by  a  simple  proportion  ;  since  it  would  bear  to  10,000 
same  proportion  that  8  bears  to  29^ :  the  number  would  therefore  be  27.13. 
i  Whereas,  it  appears  from  the  above  table,  that  the  actual  number  which  fell 
5  upon  these  days  wero  25.02  :  it  appears,  therefore,  that  less  than  the  propor- 
)  tional  amount  occurred  upon  them. 

Pilgrim  had  already,  in  1788,  attempted  to  ascertain  the  influence  of  the 
j  lunar  phases  on  the  fail  of  rain ;  and  he  found  that  in  every  hundred  cases 
:e  were  39  days  of  rain  on  the  full  moon,  26  at  the  new  moon,  and  25  at 
(  the  quarters. 

The  preceding  observations  refer  only  to  the  number  of  wet  days.  Schiibler, 
j  however,  also  directed  his  inquiries  to  the  influence  of  the  lunar  phases,  on 
1  the  quantity  of  rain  and  on  the  clearness  of  the  atmosphere.  From  observa- 
I  tions  continued  for  sixteen  years  at  Augsburg,  including  199  lunations,  he  ob- 
)  tained  the  following  results ; — 


Epochs. 

Numbe.  of  clear  dlys 
in  it  ysiis. 

Number  of  overcast  days 

years  in  incliea. 

i 

25 
26 
41 

61 
57 
65 
61 
53 

Second  octant 

24-597 
26-728 

Last  quarter 

19-536 

In  this  table,  by  a  clear  day,  is  such  days  as  exhibited  a  cloudless  sky  at 
even  in  the  morning,  and  at  two  and  nine  o'clock  in  the  alYernoon  ;  those  that 
rere  not  clear  at  these  hours,  were  counted  as  cloudy  days.  These  results 
re  in  accordance  with  the  former.  It  appears  that  the  number  of  clear  days 
i  more  frequent  in  the  last  quarter,  which  is  an  epoch  at  which,  by  the  former 
lethod  of  inquiry,  the  number  of  rainy  days  was  least ;  also  the  number  of 
J  cloudy  days  is  greatest  at  the  second  octant,  which  is  a  period  at  which  the 
i  number  of  rainy  days  were  found  to  be  greatest ;  also  the  depth  of  rain  agrees 
)  with  this,  being  the  greatest  about  the  second  octant,  and  least  at  the  last  quar- 
Schiibler  extended  his  inquiries  to  the  influence  of  the  moon's  distance 
rain ;  and  he  found  that,  on  examining  371  passages  of  the  moon  through 
positions  of  her  extreme  limits  of  distance,  during  the  seven  days  nearest 
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o  perigee  it  raioed  1,169  times ;  and  during  the  seven  days  nearest  apogee  it  ) 
aiwed  ],096  times.  Thus,  calms  paribus,  the  nearer  is  tlie  moon  to  the  earth  J 
he  greater  would  be  the  chances  for  rain. 

From  observations  of  Pilgrim  at  Vienna  (which,  however,  are  much  1> 
je  depended  on),  it  appears  that  the  proportion  of  the  prevalence  of  r 
we^n  perigee  and  apogee  is  that  of  nine  to  five — an  improbable  result. 

From  all  that  has  been  stated,  it  can  scarcely  be  denied  that  there  exists  ? 

iome  permanent  and  regular  correspondence  between  the  prevalence  of  rain  J 

J  and  the  phases  of  the  moon.     What  that  exact  correspondence  is,  remains  for  ( 

e  extended  and  accurate  observations  to  inform  ns  ;  meanwhile,  that  ri 
S  falls  more  frequently  about  four  days  before  full  moon,  and  less  frequently  about  ) 
(  four  or  five  days  before  new  moon  tjian  at  other  parts  of  the  month,  seems  U 
J  be  a  conclusion  attended,  to  say  the  least  with  some  degree  of  probability. 
Schiibler  also  examined  the  question  of  a  correspondence  between  the  di- 
■ection  of  the  wind  and  the  lunar  phases,  and  found  that  winds  from  the  south  ( 
md  southwest,  became  more  and  more  frequent  at  those  periods  of  the  month  i 
It  which  rain  was  also  observed  to  increase,  and  that  such  winds  were  more  I 
md  more  rare,  while  winds  in  the  contrary  direction  occurred  oftenet  toward  i 
i  those  epochs  of  the  month  when  least  rain  was  observed  to  prevail.     Thes 
J  results,  it  will  be  seen,  are  quite  in  accordance,  and  the  question  respecting  ( 
S  the  mode  of  action  by  which  the  periods  of  rain  are  produced,  would  be 
(  duced  to  the  question  of  the  physical  action  by  which  the  moon  affects  the  J 
currents  of  the  atmosphere. 

The  connexion  of  barometric  indications  with  atmospheric  phen 
}  obvious,  that  the  inquiry  as  to  a  correspondence  between  the  lunar  p 

ariations  of  the  barometer,  could  scarcely  escape  the  attention  of  meteo-  J 
f  rologists.  M.  Flaugergues  accordingly  made  a  series  of  observations  at  Viviers  ! 
I  (in  the  department  of  Ard^che),  in  France,  which  were  continued  from  1808  S 
o  1828,  a  period  of  twenty  years,  on  the  heights  of  the  barometer  in  relation  < 
o  the  lunar  phases  :  that  the  influence  of  the  sun  might  be  always  the  s: 
i  the  observations  were  made  at  noon,  and  the  heights  of  the  barometer ' 
J  reduced  to  what  they  would  be  at  the  temperature  of  melting  ice.  The  fol-  S 
J  lowing  are  the  mean  heights  of  the  barometer,  deduced  from  these  observa-  ? 
{  tions; — 

New  moon 29-743 

First  octant 29-761 

Firet  quarter 29-740 

Second  octant 29-716 

Full  moon 29-736 

Third  octant 29-751 

Last  quarter 29-772 

Fourth  octant 25-744 

[ence  it  appears  that  the  height  of  the  barometer  is  least  about  four  days  J 
S  before  full  moon,  and  greatest  six  or  seven  before  new  moon.     Now  these  a. 
(  about  the  times  at  which  the  investigations  of  Schiibler  give  the  greatest  and  i 
}  least  quantity  of  rain :  and,  since  the  fall  of  the  barometer  generally  indicates  S 

a  tendency  to  rain,  these  results  are  in  accordance.     Although  it  must  be  ad- 
i  milled  that  the  variation  of  the  barometer  is  in  this  case  so  minute,  that  a 
(  sible  effect  could  hardly  be  expected  from  it,  stilt,  though  minute,  it  is  quite  j 
)  distinct  and  decided.  '     ) 

(       M.  Flaugergues  also  observed  the  mean  height  of  the  barometer  when  the  J 
)  moon  was  at  her  greatest  and  least  distance  from  the  earth,  and  found  that  at  S 
J  perigee  it  was  39-713,  and  at  apogee  39-753. 
?       So,  fai,  therefore,  as  this  small  difference  can  be  supposed  to  indicate  any- 
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)  thing,  it  would  indicate  a  prevalence  to  Tain  at  perigee  and  at ; 
'a  accordance  with  the  observations  of  Schiibler 

"In  spite,therefore,"sayaM.Arago,"  of  the  distance  which  separates '^tutgard  i 
J  from  Viviers,  and  in  spite  of  the  different  methods  pursued,  and  the  difference  ) 
)  of  instruments  used,  MM.  Fiaugergues  and  Schiibler  have  arrived  at  analogous 
J  results."     It  seems  very  difficult,  therefore,  at  present  not  to  admit  ihit  the 
j  moon  exercises  upon  our  atmosphere  an  action  ven  small,  it  is  true  but  which  j 
J  is  nevertheless  appreciable  even  with  the  instruments  which  mtlcorulogiits 
)  commonly  use. 

We  have  shown  that  the  theory  of  the  moon's  attraction,  applipd  to  6\p!am 
atmospheric  tides  similar  to  those  of  the  ocean,  would  lead  to  the  conclusion 
J  that  the  height  of  the  barometer  observed  at  noon  when  the  moon  is  m  her 
)  quarters,  would  be  less  than  its  height  at  noon  at  new  and  fnli  moon  Obser 
J  vation,  however,  shows  the  very  reverse  as  a  matter  of  fact  The  observation  { 
?  of  M.  Fiaugergues  gives  the  mean  height  at  the  barometer  quadratures  29  756,  J 
t  new  and  full  moon  29739  ;  the  height  quadratures  being  in  excess  I 
nount  of  0017.  This  result  has  been  further  confirmed  by  the  more  recei 
)  observations  of  M.  Bouvard,  at  the  Paris  obserialory  he  has  found  the  mea 
?  height  of  the  barometer  at  the  quarters  29'786,  and  at  new  and  full  moo 
^9■759 ;  the  excess  at  the  quarters  being  0-027. 

Although,  therefore,  it  cannot  be  denied  that  there  exists  a  relation  betwee 
J  tBe  barometric  column  and  the  lunar  phases,  yet  it  is  not  the  relation  whie 
j  the  theory  of  atmospheric  tides  would  indicate  ;   and  by  whatever  physical  ii 
J  fluence  the  effect  may  be  produced,  it  is  certainly  not  the  gravitation  of  the  \ 
n  affecting  our  atmosphere  in  a  manner  analogous  to  that  by  which  she  af-  i 
J  fects  the  waters  of  the  ocean.     Any  physical  effects  which  depend  on  the  rel-  } 
e  positions  of  the  sun  and  moon,  as  seen  from  the  earth,  would  necessarily  ( 
occur  in  the  same  order  throughout  the  year,  when  these  two  luminaries  them- 
,  selves  have  corresponding  positions  in  the  heavens  on  the  same  days  of  the 
year.     At  a  very  early  period  in  the  history  of  astronomical  discovery,  it  was 
known  that,  after  the  lapse  of  nineteen  years,  the  sun  and  moon  assume  on  suc- 
cessive days  of  the  year  relative  positions. 

Thus,  for  example,  if  the  moon  were    90°  behind  the  sun  on  a  certain 

day  of  a  certain  month  in  the  year  1800,  it  would  be  90''  behind  the  sun  on 

the  same  day  of  the  same  month  in  the  year  1819,  and  again  in  the  year  1838, 

and  so  on  :  but  on  the  same  day  of  the  same  month  in  any  intermediate  year 

it  would  have  a  different  relative  position  with  respect  to  the  sun.     This  cycle 

of  nineteen  years  was  known  to  the  Greeks,  and  was  called  the  Mclonic  njch, 

from  Meton,  its  reputed  discoverer  ;  and  it  has  always  been  used  as  a  eonve- 

I   nient  method  of  calculating  eclipses  and  other  phenomena  depending  on  the 

I  relative  positions  of  the  sun  and  moon.     In  a  solar  eclipse,  the  sun  and  moon 

\   must  occupy  nearly  the  same  position  in  the  heavens  ;  and  in  a  lunar  eclipse, 

■   nearly  opposite  positions  :  it  is  evident,  therefore,  that  if  an  eclipse  occur  on 

I   any  day  in  any  given  year,  an  eclipse  of  the  same  kind  must  occur  on  the  cor- 

I   responding  day  in  every  nineteenth  succeeding  year.     The  tides,  depending  as 

\  they  do  on  the  relative  positions  of  the  sun  and  moon,  would  be  calculated  \ 

'  with  faciJity  by  means  of  the  same  cycle ;  and  meteorologists  who  hold  the  J 

,  doctrine  that  atmospheric  vicissitudes  depend  solely  or  chiefly  upon  the  rela- 

'  tiye  aspects  of  the  sun  and  moon,  have  favored  the  doctrines,  that  there  is  a 

I   general  cycle  of  weather,  the  period  of  which  corresponds  with  that  which  we 

I  have  noticed.     Thus  they  hold,  that  the  general  changes  of  weather  succeed  \ 

,   each  other  in  the  same,  or  almost  the  same  order,  throughout  every  s 

I    period  of  nineteen  years. 

e  shall  not  here  object,  on  theoretical  grounds,  to  the  doctrine  (ha 


Hosted  by 


Google 


amount  of  the  Metonic  cycle  is  not  precisely  uineteen  years.     But  it  is  sub- 
ject to  a  stronger  objection  founded  on  [he  principles  which  its  supporters 
themselves  rely  upon.     The  attraction  of  bodies  in  virtne  of  their  gravitation, 
eases  in  the  same  proportion  as  the  square  of  the  distance  diminishes  ;  and  j 
;e  have  already  stated  that  the  moon's  distance  from  the  earth  is  variable  t< 
ixtent  not  inconsiderable,  it  is  evident,  that  her  influence  on  the  atmosphert 
ought  to  be  expected  to  depend  much  more  on  that  variation  of  distance,  than  i 
■|er  relative  position  witfi  respect  to  the  sun.     Now,  although  the  cycle  of  < 
nineteen  years  corresponds  with  the  changes  of  her  relative  position  lo  the  . 
een  from  the  earth,  yet  it  has  no  correspondence  whatever  with  the  va 
\  tion  of  her  distance  ;  and  although,  on  each  day  of  each  succeeding  period  of  ] 
iteen  years,  she  will  have  the  same  apparent  position  relatively  to  the  sun,  I 
will  not  have  the  same  distance  from  die  earth,  and,  therefore,  will  not  ex-  j 
Jie  same  attraction  on  our  atmosphere.     Seeing,  then,  that  the  theory  of  the  ( 
n's  attraction  does  not  lend  its  unqualified  support  to  this  assumed  period  i 
lineteeo  years  as  a  cycle  of  weather,  let  us  see  how  far  fact  and  ob- 
j  servation  countenance    such  a  meteorological  period.     M.  Arago  (to  whom  S 
are  indebted  for  the  most  complete  investigation  of  this  question,  and  for  j 
J  the  collection  of  the  labors  of  others  upon  it)  has  successfully  shown  that  j 
5  observation  affords  no  countenance  or  confirmation  whatever  to  this  hypothe- 

t  has  been  said  that  the  years  1701,  1730,  1739,  and  1758,  being  cor- 
(  responding  years  in  successive  intervals  of  nineteen  years,  show  in  the  differ-  j 

it  months  the  same  characters  of  weather.  Now  to  try  this  fact,  it  wil 
(  necessary  lo  adopt  some  distinct  test  of  the  characters  of  the  seasons  which  has  S 
)  nothing  in  it  arbitrary,  and  about  which  two-observers  cannot  differ.  For  this  J 
J  purpose  we  shall  take  the  highest  and  lowest  temperature  observed  in  each  ( 
j  of  Ae  years,  and  the  annual  quantity  of  rain  which  fell  in  them  respectively  :- 


1739.!!!" '.!'.!'.'.!!  !l!s2-7'! !!!!!!!!!"!!!  lae-e! !!!!!!  "".'".".X!2o-4 

1758 93-9 27-3 

Such  is  the  kind  of  congruity  on  which  the  advocates  for  the  Metonic  cycle 
\  rely.     If  any  four  years  were  taken  indiscriminately  at  any  given  places,  the 

'  remes  of  temperature  and  quantities  of  rain  could  scarcely  be  expected  to  > 
}  exhibit  greater  diflerences.     M.  Arago  had  extended  the  comparison  to  other  ( 

sons  separated  by  the  same  interval  of  nineteen  years,  or  by  multipleB  > 
j  of  nineteen  years. 


Yesri. 

Msl.  Temp. 

Mln.  Temp. 

AnnuaUusnlily 

\^. 

90-5 

7-2 

23-5 

1728 

87-1 
87-1 

5-8 
16-9 

17-2 

1748 

98'4 

7;3 
9-3 

18-4 

1711 
1730 

88-2 

19-6 

17-0 

1771 

92.7 

9-1 

19-6 

19-2 

1734 
1753 

100-6 

23-0 

18-9 
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<  418  THE  MOON  AND  THE  WEATHSB. 

I       There  aie  here  no  traces  of  correspondence  in  the  extremes  of  temperature,  i 
?  or  the  quantities  of  rain.     It  is  manifest  that  any  season  taken  at  hazard  would  ] 
S  not  present  greater  discordances  than  are  found  ia  the  above  table. 
?       The  variation  of  the  moon's  distance  from  the  earth  (to  which  we  have  more  \ 
I  than  once  adverted)  is  occasioned  by  the  fact  that  her  path  round  the  earth  is  ) 
?  not  circular,  but  oval — ihe  position  of  the  earth  being  nearer  to  the  one  end  J 
I  than  the  other.     As  the  moon,  therefore,  approaches  the  furthermost  extremity  j 
J  of  her  oval  orbit,  her  distance  from  the  earth  continually  increases  until,  arri-  j 
(  ving  at  that  point,  it  becomes  greatest ;  as  she  moves.from  that  extremity  of  the  j 
J  orbit  to  the  other  end  of  the  oval,  her  distance  continually  diminishes  until  a 
(  riving  at  the  other  end,  it  becomes  least.     These  variations  of  distance  ai 
J  produced  every  revolution  of  the  moon  round  the  earth.     Now,  owing  to 
}  certain  change  of  position,  to  which  the  moon's  orbit  is  subject,  the  points  which  ) 
j  mark  her  greatest  and  least  distances  are  subject  to  a  slow,  gradual,  and  regit-  J 
5  lar  change  ;  so  that  the  points  in  the  heavens  at  which  she  reaches  her  great-  5 
(  est  and  least  distances  are  different  every  revolution.     After  the  lapse,  how-  J 
f  ever,  of  eight  years  and  ten  months,  these  points  having  traversed  the  whole  \ 
I  circumference  of  the  heavens,  resume  their  former  position  very  nearly ; 
i  that  the  actual  times  at  which  the  moon  ia  observed  at  the  same  distances  from  ) 
(  the  earth,  and  also  at  the  same  points  in  the  heavens,  recur  in  a  cycle,  the  1 
j  length  of  which  is  about  eight  years  and  ten  months. 
(  ^    So  far,  therefore,  as  the  vicissitudes  of  the  weather  can  be  supposed  to 
i  influenced  by  this  cause,  their  period  should  be  such  that,  after  the  lapse 
?  nine  years,  the  corresponding  stales  of  the  weather  would  be,  as  it  were,  1 
f  months  in  advance  :  thus  the  effect  produced  in  December,  1800,  would  again  } 
(  be  produced  in  October,  1809,  in  August,  1818,  and  so  on. 
)       If  the  purpose  be  to  determine  the  cycle  in  which  the  lunar  influenci , 
I  as  it  depends  on  diaUnce,  would  produce  the  same  effects  upon  the  same  days  j 
i  of  the  year,  the  duration  of  the  cycle  would  be  six  times  eight  years  and  ten 
i  months  ;  for  in  six  successive  intervals  of  that  period,  there  are  exactly  fifty- 
i  three  years  ;  but  any  less  number  of  periods  of  eight  years  and  ten  months-do  ] 
I  not  make  a  complete  number  of  years.     Therefore  after  a  cycle  of  fifty-thre 
j  years,  the  moon  being  on  the  same  day  of  each  successive  year  at  the  sam 
i  distance  from  the  earth,  her  influence,  so  far  as  depends  on  distances,  will  be  J 
S  the  same,  and  will  produce  the  same  effect  upon  the  weather. 
(       Now  vve  cannot  better  illustrate  the  loose  and  inaccurate  manner  in  which  sci- 
1  entific  principles  are  applied  by  some  meteorologists  ihaa  by  staling  that  this  cy- 

<  cle  of  eight  years  and  ten  months  has  formed  the  theoretical  grounds  for  a  re- 

}  puted  meteorological  period  of  nine  years.     It  has   been  maintained  that,  i 

i  through  every  successive  interval  of  nine  years,  the  changes  of  weather 

J  a  general  correspondence :  thus,  if  the  stale  of  the  weather  ihroughoi 

i  year  1800  be  examined,  it  has  been  said  to  correspond  with  the  weather  ( 

J  throughout  the  years  1809,  and  1818,  &c.  \ 

That  the  changes  in  the  positions  of  the  points  of  the  t^oon's  greatest  and  i 

east  distance  are  insuflicient  in  theory  to  account  for  such  meteorological  cy-  < 

;le  as  we  have  explained.     But  let  us  see  how  the  fact  stands.  ' 

Toaldo,  whoso  meteorological  researches  we  have  adverted  to,  has  stated,  ' 

(  that  at  Padua,  by  resolving  a  long  interval  of  time  into  successive  periods 

nine  years,  the  quantities  of  rain  collected  in  each  of  these  periods  were  equal,  \ 
I  but  he  adds  this  equality  would  disappear  if  the  whole  interval  were  resolved  J 
J  into  groups  of  eight  years,  or  inlo  successive  intervals  of  any  other  nui 

<  years.  M.  Arago,  taking  the  Italian  meteorologist  at  his  word,  and  ac 
>  without  question,  his  own  tables  and  data,  has  given  the  following  esiit 
,  the  quantity  of  rain  which  had  fallen  in  successive  intervals  oinine  years  :^ 
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-.160  French  inches.  ( 


The  confidence  to  which  Toaldo's  reasoning  and  calculations  are  entitled, 
J  may  be  estimated  by  comparing  the  quantities  of  rain  which  fall  in  any  other  \ 
I  intervals,  from  which  it  will  be  seen  that  it  is  not  subject  to  greater  varial" 
J  than  that  which  exists  among  the  above  results. 

M.  Arago  gives  some  amusing  examples  of  the  kind  of  speculation  and  i 
j  soniiig  in  which  meteorologists  sometimes  indulge.  Some,  he  says,  found  the  \ 
)  assumed  cycle' of  nine  years  on  the  passage  of  Pliny,  where  he  says  that  every  { 
i  fourth,  and,  more  especially,  every  eighth  year,  the  seasons  undergo  a  kind  of  { 
?  effervescence  by  (he  revolution  of  &o  hundredth  moon.  Admitting  Pliny's 
(  maxim  to  be  true,  and  supposing  by  the  word  effervescence  we  are  to  under-  I 
)  stand  a  regular  recurrence  every  eight  years  of  the  changes  of  the  weather  ) 
j  which  took  place  in  the  preceding  eight  years,  what  are  we  to  conclude  ?  ^ 
(  not  the  question  here,  whether  the  vicissitudes  of  weather  recur  at  intervals  ! 
e  years  ?  and  the  celebrated  Roman  naturalist  speaks  of  a  period  of  only  { 
)  eight  years. 

From  all  that  has  been  stated,  it  follows,  then,  conclusively,  that  the  popular 
j  notions  concerning  the  influence  of  the  lunar  phases  on  the  weather  have  no 
j  foundation  in  the  theory,  and  no  correspondence  with  observed  facta.     That  \ 

I,  by  her  gravitation,  exerts  an  attraction  on  our  atmosphere  cannot  he 

J  doubted  ;  but  the  effects  which  that  attraction  would  produce  upon  the  weather 

n  accordance  with  observed  phenomena ;  and,  therefore,  these  effects  5 
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)  ological  instruments,  or  they 

J  from  which  hitherto  they  hav( 

(  period    f  h  !    1 
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ppreciabli 
bliterated  by  other  more  powerful  ci 
been  eliminated.  It  appears,  however,  by  J 
yet  confirmed  or  continued  through  a  sufficient 
rrespondence  may  be  discovered  between  the 
of  the  moon,  indicating  a  very  feeble  influence, 
tion  of  that  luminary  to  the  sun,  but  having  no 
ar  attraction.  This  is  not  without  interest  as  a 
d  is  entitled  to  the  attention  of  meteorologists ; 
hat  it  is  altogether  destitute  of  popular  interest  as 
therefore,  be  stated  that,  as  far  as  observation 
fforded  any  means  of  knowledge,  there  are  no 
s  of  weather  erroneously  supposed  to  be  derived 
nd  n 


d  w  ththe  feeling  that  an  opinion  so  universally  en 
1        mote  from  each  other,  as  that  which  presumes  a 
J  influe         f   h    m    n  h    changes  of  the  weather,  will  do  well  to  remem 

?  ber  that  agamst  that  opinion  we  have  not  here  opposed  mere  theory.     Nay.  w 
j  have  abandoned  for  the  occasion  the  support  that  science  might  afford,  and  the  i 
)  light  it  might  shed  on  the  negative  of  this  question,  and  have  dealt  with  it  as  a 
j  mere  question  of  fact.     It  matters  little,  so  far  as  this  question  is  concerned. 
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PERIODIC    COMETS. 


On  another  occasion,  I  gave  at  some  length  the  history  of  Halley's  comet, 
j  by  far  the  most  interesting  of  all  the  periodic  comets  yet  discovered.     I  shall  j 
(  now  bring  under  your  noiice  the  remaining  bodies  of  this  class. 

A  periodic  comet,  as  the  name  implies,  is  one  which  is  known  to  r 
regular  intervals  lo  our  system,  and  whose  reappearance  in  I 
5  therefore  be  predicted.     The  paths  of  these  bodies  round  the  sun  are  eccentric  } 
jses,  having  the  centre  of  the  sun  in  one  of  their  foci. 


(       In  the  year  1818,  a  comet  was  observed  at  Marseilles,  on  the  26th  of  No- 

>  vember,  by  M.  Pons.     In  the  following  January,  its  path  being  calculated,  M. 

<  Arago  immediately  recognised  it  as  identical  with  one  which  had  appeared  in 

>  1805.  Subsequently,  M.  Encke  of  Berlin  succeeded  in  calculating  its  entire 
i  orbit — inferring  the  invisible  from  the  visible  part— and  found  that  its  period 
j  round  the  swn  was  about  twelve  hundred  days.  This  calculation  was  verified 
(  by  the  fact  of  its  return  in  1822,  since  which  time  the  comet  has  gone  by  the 
)  najne  of  Encke's  comet,  and  returned  regularly. 

j  This  comet  exhibited  the  appearance  of  a  mass  of  nebulous  vapor,  so  trans- 
5  parent,  even  at  its  centre,  that  stars  can  be  seen  through  it.     It  is  round,  or 

<  rather  oval,  in  its  form,  and  is  too  attenuated  and  feeble  in  its  light  to  be  dis- 
J  covered  vvithout  the  aid  of  a  telescope.     The  annexed  figure,  1,  is  that  which  is 

<  usually  given  as  a  representation  of  its  telescopic  appearance. 

)  The  orbit  of  Encke's  comet  is  an  oval,  whose  length  is  about  double  its 
J  brtadth.  At  its  nearest  approach  to  the  sun,  the  distance  of  the  comet  is  about 
J  WK^"'^""'  millions  of  miles,  which  is  about  the  distance  of  the  planet  Mercury 
(  WhBQ  most  remote  from  the  sun,  its  distance  is  about  four  hundred  and  forty- 
j  three  millions  of  miles,  which  is  nearly  four  and  a  half  times  the  earth's  dis- 
j  lance,  and  is  little  less  than  the  distance  of  Jupiter.     The  orbit  is  inclined  to 
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(hat  of  the  earth  at  nearly  thirteen  degrees.  This  comet  may  be  considered 
as  a  planet,  revolving  within  iho  orbit  of  Jupiter,  and  neatly  in  the  common  ■ 
plane  of  the  solar  system.  Its  motion  is  in  the  same  direction  as  that  of  the  , 
planets.  ,  , . 

In  the  calculations  of  Encke  for  the  determination  of  the  movement  ot  this 
comet,  the  most  scrupulous  account  was  taken  of  the  efiects  which  the  planets 
must  produce  upon  it.  Nevertheless,  a  small  discrepancy  was  found  to  esist 
between  its  observed  and  computed  returns  ;  and  what  was  slill  more  remark- 
able, this  discrepancy  was  of  the  same  nature  in  every  case,  so  that  it  is  im- 
possible to  suppose  that  it  could  have  arisen  from  any  casual  error  of  compu- 
tation or  of  observation ;  since,  had  it  so  occurred,  it  would  have  affected  the 
result  irregularly.  We  must  iherefore  conclude  that  this  comet  does  not  pre- 
cisely retrace  its  course  each  revolution.  It  is  found,  however,  that  this  irregu- 
larity, from  whatever  cause  it  may  proceed,  does  not  disturb  the  plane  of  the 
comet's  path.  It  is,  in  fact,  according  to  the  observations  and  reasonings  of 
Professor  Encke,  precisely  the  effect  which  would  be  produced  if  the  space 
through  which  the  comet  moves  was  filled  by  a  subtle  fluid,  ofl"ering  a  small 
resistance  to  the  motion  of  the  comet :  just  as  our  atmosphere  resists  the  motion 
of  any  light  body  through  it.  i,    -  c  ■ 

The  existence  of  an  extremely  subtle  ethereal  fluid  which  fills  the  infini- 
tude of  space,  h^  been  adopted  hypothetically  to  explain  the  phenomena  of 
optica.  In  fact,  light  itself  is,  according  to  the  undulatory  theory,  supposed  lo 
consist  in  vibrations  transmitted  through  snch  a  fluid,  just  as  sound  is  known 
to  consist  in  similar  undulations  transmitted  through  the  atmosphere.  Hith- 
erto this  assumed  cause  for  light  has  been  justly  regarded  as  an  ingenious  hy- 
pothesis not  proved,  but  which  accounts  for  the  various  phenomena  more  fully 
and  satisfactorily  than  the  corpuscular  theory,  which,  being  open  lo  the  same 
objection,  completely  fails  when  applied  to  some  phenomena  of  light  wlucii 
recent  investigations  have  developed.  If  an  effect  simiSar  to  that  which  has 
been  observed  in  Enck^'s  comet  should  he  discovered  on  the  approaching  re- 
turn of  Halley's  comet,  and  still  more,  if  it  be  observed  on  the  next 
Biela's  comet,  the  undulatory  hypothesis  will  begin  to  as; 
a  vera  causa ;  an  J  that  theory  of  light  must,  under  such  circumstances,  be 
aidered  as  established. 

The  effect  on  the  return  of  a  comet  produced  by  this  resistance,  contrary 
what  might  at  first  be  expected,  is  to  accelerate  it,  or  to  make  the  actial  • 
turn  anticipate  the  return  as  computed  on  the  supposition 


e  the  character  •f  J 
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in  an  unieststing  medium.  This  difficulty  will,  however,  be  removed,  if  it  be 
remembered  thai  a  resisting  medium,  by  dimiaishing  the  velocity  of  the  body 
in  its  orbit,  dioiinishea  the  iafiuence  of  the  centrifugal  force  to  resist  solar  at- 
traction. Thfe-  body,  therefore,  follows  a  path  conaiantly  nearer  to  the  sun  ;  in 
other  words,  the  orbit  is  in  a  progressive  state  of  diminution.  Now,  the  less 
the  orbit  is,  the  less  time  necessary  to  describe  it ;  and  consequently  the  shorter 
the  period  of  the  successive  returns  of  the  body  to  the  same  position. 

If  the  successive  returns  of  the  periodic  comets  should  establish  satisfacto- 
rily the  existence  of.  the  luminous  ether,  it  will  follow  that  sfter  the  lapse  of  a 
certain  time  eveiyuminet  will  ultimately  fall  into  the- sun.  In  every  succeed- 
ing revolution  of  the  same  comet,  ils  path  would  fall  a  little  within  its  former 
course,  and  it  would  describe  a  spiral  line  round  the  san,'Continually  approach- 
ing that  body,  until  at  length  it  wou!d  arrive  dose  to  its  surface  ;  before  this 
could  happen,  it  would  doubtlesa  be  wholly  converted  jnlo  a  light  gas  by  his 
heat,  which  would  probably  mingle  with  the'  sojar  aimoapheCe. 

In  the  efforts  by  which  the  human  mind  labors  after  truth,  it  is  curious  to 
observe  how  often  that  desired  object  is  stumbled  upon  by  accident,  or  arrived 
at  by  reasoning  which  is  false.  One  of  Newton's  conjectures  respecting  com-  ^ 
ets  was,  that  they  ate  "the  aliment  by  which  suns  are  sustained  ;"  and  he 
therefore  concluded  that  these  bodies  were  in  a  slate  of  progressive  decline  ' 
upon  the  suns,  round  which  they  respectively  swept ;  and  that  into  these  suns 
they  from  time  to  time  fell.  This  opinion  appears  to  have  been  cherished  by 
Newton  to  the  latest  hours  of  his  life  :  he  not  only  consigned  it  to  his  immor- 
tal writings,  but,  at  th.e  age  of  eighty-three,  a  conversation  ibok  place  between 
him  and  his  nephew  on  this  subject,  which  has  come  down  to  us.  "  I  cannot 
say,"  said  Newton,  "  when  the  comet  of  1680  will  fail  into  the  sun  :  possibly 
after  five  or  six  revolutions  ;  but  whenever  that  time  shall  arrive,  the  heal  of 
the  sun  will  be  raised  by  it  to  ^uch  a  point,  that  our  globe- will  be  burnt,  and 
all  the  animals  upon  it  will  perish.  The  new  stars  observed  by  Hipparchus, 
Tycho,  and  Kepler,  must  have  proceeded  from  such  a  cause,  for  it  is  impossi- 
ble otherwise  to  explain  their  sudden  splendor."  Hia  nephew  then  asked  him, 
"  why,  when  he  stated  in  his  writings  that  comeK  would  fall  into  the  sun,  did 
he  not  also  state  those  vast  fires  they  must  produce,  aa  he  supposed  they  had 
done  in  the  stats  V — "  Because,"  replied  the  old  man,  "  the  conflagrations  of 
the  sun  concern  us  a  little  more  directly.  I  have  said,  however,"  added  he, 
smiling,  "  enough  to  enable  the  world  to  collect  my  opinion." 

It  maybe  asked,if  the  existence  of  a  resisting  medium  be  admitted,  whether 
ihe  same  ultimate  fate  must  not  await  the  planets  ?  To  this  inquiry  it  may  be 
answered  that,  within  the  limits  of  past  astronomicta  record,  the  ethereal  me- 
dium, if  it  exist,  has  had  no  sensible  effect  on  the  motion  of  any  planet.  That 
it  might  have  a  perceptible  efiect  upon  coraecs,  and  yet  not  upon  planets,  will 
not  be  surprising,  if  the  extreme  lightness  of  the  comets  compared  with  their 
bulk  be  considered.  The  effect  in  the  two  cases  may  be  compared  to  that  of 
the  atmosphere  upon  a  piece  of  swan's  down  and  upon  a  leaJen  bullet  moving 
through  it.  It  is  certain  that  whatever  may  be  the  nature  of  this  resisimg  me- 
dium, it  will  not,  for  many  hundred  years  to  come,  produce  the  slightest  per- 
ceptible effect  upon  the  motions  of  the  planets. 


BIELA  3   COVET. 

On  February  28,  1826,  M.  Biela,  an  Austrian  officer,  observed  in  Bohemia 
a  comet,  which  was  seen  at  Marseilles  about  the  same  time  by  M.  Gambart. 
The  path  which  it  pursued  was  observed  to  be  similar  to  that  of  comets  which 
had  appeared  in  1772  and  1806.     Finally, 


3  found  that  this  body  moved 
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proportion  of  about  ihree  to  two.     When  nea 
nearly  equal  to  that  of  the  earth  ;  and  when  mo 
tance  somewhat  exceeds  that  of  Jupiter.     Thu 
system,  between  the  orbits  of  Jupiter  and  the  e 
Notwithstanding  the  discovery  of  the  period] 
still  ihe  comet  of  Halley  maintains  a  paramount 
be  considered  to  stand  alone  in  exhibiting  those  physical  phenomena  which  J 
seem  to  be  the  esclnsive  characteristics  of  the  class  to  which  it  belongs, 
though  the  comets  of  Encke  and  Biela  are  nnquesiionably  objects  of  intere 
the  geometer  and  astronomer,  yet  their  short  periods,  the  limited  space  within  ( 
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which  they  are  circamscribed  in  their  motion,  tlie  small  obliquity  and  eccen- 
tricity of  their  orbits,  and  consequently  the  very  alight  distuibanco  which  ihey  \ 
sustain  from  the  attraction  of  the  planets,  render  them,  for  all  physical  purposes, 
nothing  more  than  new  planets  of  inappreciable  mass  belonging  to  our  system. 
Unlike  other  known  comets,  they  do  not  rush  from  the  invisible  and  inacessiblo  S 
depths  of  space,  and,  after  sweeping  our  system,  depart  to  distances  under  J 
the  conception  of  which  the  imagination  itself  is  confounded ;  they  possess  { 
none  of  that  grandeur  which  is  connected  with  whatever  appears  to  break  < 
through  the  fixed  order  of  the  universe.     It  is  still  reserved  for  the  comet  of 
HaUey  alone  to  exhibit  a  phenomenon,  so  far  as  we  know,  unique  ;  to  afford  a 
splendid  result  of  those  powers  of  calculation  by  which  we  are  enabled  to  follow  J 
it  through  the  depths  of  space  two  thousand  millions  of  miles  beyond  the  ex-  j 
treme  verge  of  the  solar  system ;  and,  notwithstanding  disturbances  which  j 
render  each  succeeding  period  of  its  return  different  from  the  last,  to  foretell  J 
thai  return  with  precision. 

lexell's  comet. 

In  the  month  of  June,  1770,  Messier  observed  a  comet,  which  was  after-  ! 
ward  sufficiently  observed  to  render  its  course  through  the  system  calculable.  ' 
It  was  found  not  to  correspond  with  that  of  any  comet  previously  known.  It  J 
remained  visible  for  an  unusual  length  of  time  ;  and  continued  observations  on  J 
il  proved  that  it  moved,  not  as  comets  were  then  generally  found  to  move,  in 
parabola,  or  very  elongated  ellipse,  but  in  an  oval  of  very  small  dimensions. 
■  Iia  orbit  was  calculated  by  the  celebrated  Xjoxell,  and  found  to  be  an  ellipse,  '. 
of  which  the  greater  axis  was  only  equal  to  three  limes  the  diameter  of  the  J 
earth's  orbit,  which  showed  that  its  periodical  revolution  round  the  sun  would  j 
be  completed  in  Jive  years  and  a  half.  i 

With  so  short  a  period,  the  comet  ought  frequently  to  be  seen.     But  here  J 
springe  up  a  difficulty.     This  comet  was  never  seen  before,  and  has  neve 
been  seen  since  !     What,  then,  has  become  of  it  ?  and  where  and  how  did  i 
exist  before  its  discovery  by  Messier  ?     Its  appearance  was  too  conspicuous  J 
and  its  light  too  vivid  to  allow  of  the  supposition  that  it  conld  have  been  ■ 
ent,  yet  not  observed. 

The  law  of  gravitation  discovered  by  Newlon,  and  fully  developed  b^ 
illustrious  successors,  envies  us  fully  to  explain  this  difficulty.     We  shall  I 
adopt  the  words  of  Arago : — 

Wht/  Aas  not  the  comet.been  seen  evert/  Jive  years  and  a  half  before  1770  ? 
Because  the  orbit  was  then  totally  different  from  that  it  has  since  pursued. 

Why  has  not  the  comet  been  seen  since  1770  ?     For  the  reason  that  its  pas- 
sage to  the  point  of  perihelion  in  1776  took  place  by  day  ;  and  before  the  fol- 
lowing return,  the  form  of  the  orbit  was  so  altered,  that  had  the  comet  been  J 
visible  from  the  earth  it  would  not  have  been  recognised. 

Lexell  had  Already  remarked,  according  to  his  elements  of  1770,  that  the 
comet  ought  to  pass  in  the  vicinity  of  Jupiter  in  1767,  Jess  than  the  fifty-eighth  \ 
part  of  his  distance  from  the  sun  ;  that  in  1779,  when  it  returned  to  us,  it  would  J 
be,  near  the  end  of  Angusl,  about  five  hundred  times  nearer  that  same  planet  ( 
than  to  the  sun  ;  so  that  then,  notwithstanding  the  immense  size  of  the  solar  5 
globe,  its  attractive  power  on  the  comet  was  not  the  two  hundredth  part  that  ( 
of  Jupiter.  Thus  it  could  not  be  doubted  thatthe  comet  had  experienced  con-  ) 
siderable  perturbations  in  1767  and  1779  ;  but  it  is  yet  necessary  to  estabhsb  < 
that  these  perturbations  were  numerically  strong  enough  to  explain  the  total  ) 
want  of  observations,  as  well  before  as  after  the  year  1770.  i 

The  formularies  in  the  fourth  volume  of  the  Mecanique  Celeste  give  the  ana-  S 
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lyiical  solution  of  this  problem :  the  actual  elliptic  orbit  of  a  cornet  being  known, 
what  was  its  previous  orbit !  What  will  it  be  hereafter,  taking  into  account 
in  both  cases  the  pertutbating  effects  caused  by  the  planets  of  our  system  ? 

Well,  then,  by  putting  these  formularies  into  numbers — by  substituting,  for 
its  component  indeterminate  letters,  the  particular  elements  of  the  comei  of 
1770 — it  will  first  be  found  that  in  1767,  prerious  to  the  approach  of  that  body 
to  Jupiter,  the  elliptic  orbit  which  it  described  corresponds,  not  to  five  but  to  ; 
fifty  years  of  revolution  round  the  sun ;  afterward,  that  in  1779,  on  its  depar- 
ture out  of  the  attraction  of  the  same  planet,  the  orbit  of  the  comet  could  not  be 
completed  in  less  than  twenty  years.  From  the  same  researches  it  results  that, 
before  1767,  during  the  whole  progress  of  its  revolutions,  the  shortest  distance 
of  the  comet  from  the  sun  was  one  hundred  and  ninety-nine  millions  of  leagues 
(five  hundred  and  ninety-seven  millions  of  miles),  and  that  after  1779  the  mini- 
mum of  distance  became  one  hundred  and  thirty-one  millions  of  leagues  (three 
hundred  and  ninety-three  millions  of  miles).  This  was  still  too  far  removed 
for  the  comet  to  he  perceptible  from  the  earth. 

However  singular  it  may  appear,  we  a,re,  then,  fully  authorized  to  say  of  the 
comet  of  1770,  that  the  action  of  Jupiter  brought  it  to  us  in  1767,  and  that 
the  same  action,  producing  an  inverse  effect,  removed  it  from  us  in  the  year 
1779, 

whiston's  comet. 

A  remarkable  comet  appeared  in  the  year  1680,  which  has  been  rendered 
memorable  by  the  attempt  of  Whiston  to  prove  that  it  was  periodic,  and  that 
on  one  of  its  former  visits  it  was  the  proximate  cause  of  the  iVIosaic  deluge. 
Arago,  in  his  essay  on  comets,  has  discussed  fully  the  question  raised  by 
"Whiston. 

Whiston,  says  he,  proposed  to  show  not  only  in  what  manner  a  comet  might 
have  occasioned  the  deluge  of  Noah,  but  was  desirous,  moreover,  thai  his  ex- 
planation should  agree  minutely  with  all  the  circumstances  of  that  great  catas- 
trophe as  related  in  Genesis.     Let  us  see  how  he  has  succeeded  in  his  object. 

The  biblical  deluge  happened  in  the  year  3349  before  the  Christian  era,  ac- 
cording to  the  modern  Hebrew  text ;  or  the  year  2926,  after  the  Samaritan 
text,  the  Septuagint,  and  Josephus.  Is  there,  then,  reason  to  suppose  that  at 
either  of  those  periods  a  great  comet  had  appeared? 

Among  the  comets  observed  by  modern  astronomers,  that  of  1680  may,  from 
its  brilliancy,  without  hesitation  be  placed  in  the  first  rank. 

A  great  many  historians,  both  native  and  foreign,  mention  a  very  large  comet, 
in  similitude  to  ike  blaze  of  the  sun,  having  aniniTnetise  /rain,  which  appeared  in 
the  year  1106.  In  ascending  still  higher,  we  find  a  very  large  and  terrific 
comet  designated  by  the  Byzantine  writers  by  the  name  of  Lampadias,  because 
it  resembled  a  burning  lamp,  the  appearance  of  which  may  be  fixed  in  the  year 
531.  All  the  world  knows,  in  fine,  that  a  comet  appeared  in  the  month  of 
September,  in  the  year  of  the  death  of  Ciesar,  during  the  games  given  by  the 
emperor  Augustus  to  the  Roman  people.  That  comet  was  very  brilliant,  as  it 
became  visible  from  the  eleventh  hour  of  the  day,  that  is,  about  five  o'clock  in 
the  evening,  or  before  sunset.     Its  dale  is  in  the  year  43  before 

Since  we  have  not  any  exact  observation  of  the  comets  of  — 
of  1106  ;  since  we  cannot  calculate  their  parabolic  orbits  ;  since  we  want  the 
only  criterion  which  would  enable  us  to  decide  with  perfect  certainty  either 
the  identity  or  dissemblance  of  two  comets,  let  us  at  least  remember  that  those 
of  1680,  of  1106,  of  531,  and  of  — 43,  were  very  brilliant,  and  let  us  compare 
with  each  other  the  dates  of  these  apparitions  : — 


r  531,  or 
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As  we.  have  not  reckoned  ihe  months  or  portions  of  years,  tliese  periods  may- 
he  regarded  as  equal  to  each  other,  and  thence  it  becomes  probable  enough 
that  the  comet  of  the  death  of  Cfesar,  of  531,  of  1106,  and  of  1680,  have  been 
only  the  reappearances  of  one  and  the  same  comet,  which,  after  having 
nm  ihrough  its  othit — after  having  made  its  complete  revolution  in  about  five 
hundred  and  seventy-five  years — became  again  visible  from  the  earth.  Then 
if  the  period  of  five  hundred  and  seventy-five  years  is  multiplied  by  four,  we 
have  twenty-three  hundred,  which,  added  to  43,  the  date  of  Ctesar's  comet, 
gives,  with  the  difference  of  only  six  years,  the  epoch  of  the  deluge,  resulting 
from  the  modem  Hebrew  text.  In  multiplying  by  five,  the  date  of  the  Septua- 
gint  is  found  within  eight  years. 

If  we  recollect  the  marked  differences  of  the  comet  of  1759  in  the  period 
of  its  revolution  round  the  eun,  we  shall  acknowledge  that  Whiston  might  le- 
gitimately have  felt  authorized  to  suppose  that  the  great  comet  of  1680,  or  of 
the  death  of  Gxsar,  was  near  the  earth  at  the  period  of  Noah's  deluge,  and  that 
it  had  some  part  in  that  great  phenomenon. 

I  shall  not  stop  to  explain  minutely  the  series  of  transformations  by  which 
the  earth,  which,  according  to  WhisWn,  was  originally  a  comet,  became  the 
globe  we  now  inhabit.  I  shall  content  myself  by  saying  that  he  considers 
the  nucleus  of  the  earth  as  a  hard  and  compact  substance,  which  w%s  the 
ancient  nucleus  of  the  comet ;  that  the  matters  of  various  natures  confusedly 
mixed,  which  composed  the  nebulosity,  subsided  more  or  less  quickly,  accord- 
ing to  their  specific  gravities  ;  that  then  the  solid  nucleus  was  at  first  surround- 
ed by  a  dense  and  thick  fluid ;  that  the  earthy  matters  precipitated  themselves 
afterward,  and  formed  a  covering  over  the  dense  fluid — a  kind  of  criisH  which 
may  be  compared  (o  the  shell  of  an  egg  ;  that  the  water,  in  its  turn,  came  to 
cover  this  solid  crust ;  that  in  a  considerable  degree  it  became  filtered  ihrough 
the  fissures,  and  spread  itself  over  the  thick  fluid  ;  that,  in  fine,  the  gaseous 
matters  remaining  suspended,  purified  themselves  gradu^ly,  and  constituted  our 
atmosphere. 

Thus  in  this  system  the  great  biblical  abyss  is  supposed  to  consist  of  a  solid 
nucleus  and  of  two  concentric  orbs.  Of  these  orbs,  that  nearest  to  the  centre 
is  formed  of  a  heavy  fluid  which  first  precipitated  itself ;  the  second  is  of  water  ; 
it  is,  then,  properly  speaking,  upon  the  last  of  these  fluids  that  the  exterior  and 
solid  crust  of  the  earth  reposes. 

It  is  proper  now  to  examine  how,  after  that  constitution  of  the  globe  to  which 
at  least  many  geologists  could  oppose  more  than  one  difliculty,  Whiston  ex- 
plains the  two  principal  events  of  the  deluge  described  by  Moses. 

In  the  six  hundredth  year  of  Noah's  life,  says  the  book  of  Genesis,  on  the 
seventeenth  day  of  the  second  month,  the  same  day  were  all  the  fountains  of 
the  great  deep  broken  up,  and  the  loindows  f  h  w         p      d 

At  the  period  of  the  deluge,  the  comet    f  1 680 
or  ten  thousand  miles  from  the  earth : 
the  great  deep,  as  the  moon  at  present  1 

action,  on  account  of  that  great  proxin    y  m 
immense  tide.     The  terrestrial  shell  co  Id  n 
inundation;  it  broke  in  at  a  great  numbe     f  p 
spread  themselves  over  the  continents, 
rapture  of  the  fountains  of  the  great  deep. 

The  ordinary  rains  of  our  days,  even 
produced  but  a  small  accumulation.      In 


Tl 


1  h    w 


e  cognise 


f  rty  d  y     would  have  J 
ly  h     which  falls  { 


Hosted  by 


Google 


430 


PBHJODIC  C0MKT6. 


s  annually,  the  produce  of  six  weeks,  far  from  covering  the  1 
ins,  would  scarcely  have  formed  a,  depth  of  eighty  feet.  It  is  therefore  J 
t  necessary  to  refer  to  other  sources  than  the  cataracts  of  heaven.  Whiston  has  ( 
5  found  them  in  the  nebolosity  and  tail  of  the  comet. 

According  to  him,  the  nebulosity  reached  the  earth  near  the  Goidian 
S  (Ararat)  mountains.  Those  mountains  intercepted  the  entire  tail.  The  ler- 
i  restrial  atmosphere,  thus  charged  with  an  immense  quantity  of  aqueous  parti- 
s  sufficient  to  produce  forty  days'  lain  of  such  violence  as  the  ordinary 
J  state  of  the  globe  can  give  us  no  idea. 

Notwithstanding  all  its  strangeness,  I  have  exposed  the  theory  of  Whiston  J 
n  detail,  both  on  account  of  the  celebrity  which  it  has  so  long  enjoyed,  as  well  ) 


with  contempt  the  productions  of  ( 
his  successor  in  the  university  of  ' 
i  which  it  seems  his  theory  cannot 

!  to  explain  the  mystery  of  the  bib- 
not  content  to  pass  his  comet  extremely  j 


it  appeared  improper  t 
the  man  whom  Newton  himself  deai^ 
Cambridge  ;  yet  the  following  are  objet 

Whiston  having  required  a 
lical  phenomena  of  the  great  deep,  w 

near  the  earth  at  the  moment  of  the  deluge  :  he  has,  moreover,  given  it  a  very 
great  magnitude,  in  supposing  it  six  times  greater  than  the  moon. 

Such  a  supposition  is  completely  gratuitous,  and  this  is  also  its  least  fault ; 
for  it  is  not  sufficient  to  account  for  the  phenomena.     If  the  moon  really  pro- 
duces a  tide  on  the  waters  of  the  ocean,  it  is  because  its  angular  diurnal  } 
motion  is  not  very  considerable  ;  that  in  the  space  of  some  hours  its  distance  S 
from  ihe  earth  scarcely  varies  ;  during  a  considerable  time  it  remains  vertically  ) 
over  almoet  the  same  points  of  the  globe  ;  the  fluid  which  it  attracts  has  there-  J 
fore  always  time  to  yield  to  its  action  before  it  moves  to  a  region  where  i] 
force  which  •manates  from  it  will  be  otherwise  direcled.     But  it  was  not  tl 
same  with  the  comet  of  1680.     Near  to  the  earth,  its  apparent  angular  motii 
must  have  been  extremely  rapid  ;  in  a  few  minutes  it  corresponded  with  a  n 
merous  series  of  points  situated  on  terrestrial  meridians  very  distant  from  each  ) 
other.     As  to  its  rectilinear  distance  from  the  earth,  it  might,  without  doubt,  \ 
have  been  very  small,  but  only  during  a  few  instants.     The  union  of  these  cir-  J 
cumstances,  it  must  be  observed,  was  but  little  favorable  to  the  production  of  ' 
a  great  tide. 

X  am  very  well  aware  that,  to  diminish  these  dii&culties,  it  is  sufficient  to  in-  ' 
crease  the  comet— to  make  its  mass  not  ouly  six  times  the  size  of  the  moon, 
but  thirty  or  forty  times  larger ;  but  I  reply  that  the  comet  of  1680  does  not  J 
aiford  that  latitude.     On  the  1st  of  November  in  that  year  it  passed  very  near  ) 
to  the  earth.     (See  figure  3,  in  which  the  orbit  of  this  comet  is  represented.)  J 
It  is  shown  that  at  the  period  of  the  deluge  its  distance  was  not  less ;  then,  i 
in  1680,  it  produced  neither  celestial  cataracts,  nor  terrestrial  tides,  nor  ruptures  J 
of  the  great  deep  ;  as,  moreover,  its  train  nor  its  hair  did  not  inundate  us,  we 
may  in  all  confidence  say  that  Whiston's  theory  is  a  mere  romance,  unless,  in 
abandoning  the  comet  of  1680,  we  venture  to  attribute  the  same  effect  to 
another  much  more  considerable  star  of  the  same  description. 

Whiston,  as  we  have  just  seen,  proposed  to  attribute  to  physical  causes  not 
only  some  deluge,  but  that  of  Moses,  with  all  the  circumstance  related  in  the 
book  of  Genesis.  His  celebrated  countryman,  Halley,  had  viewed  the  prob- 
lem in  a  less  special  manner. 

There  exists,  says  he,  far  from  the  sea,  marine  productions,  even  upon  the 
highest  mountains,  which  regions  have  been  formerly  under  the  sea.     From  s 
what  impulse  has  the  ocean  abandoned  the  limits  in  which,  in  out  days,  it  with  ) 
very  slight  oscillations  remains  constantly  bounded  ?     It  is  here  that  Haliey  \ 
calls  to  his  aid,  not  like  Whiston,  a  comet  passing  in  our  vicinity  and  causing  ) 
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a  very  high  tide,  but  a  star  of  the  same  description,  which,  in  its  elliptic  coi 
about  the  sun,  directly  struck  the  earth.     Let  us  examine  closely  what  would  i 
be  the  effect  of  such  an  event.  9 

Let  us  conceive  a  solid  body  proceeding  in  a  straight  line  with  a  certain  r: 
pidity,  and  upon  which  from  the  outset  another  much  smaller  body  had  been  \ 
merely  placed.     These  two  bodies,  although  not  fastened  together,  will  not  sep- 
arate in  their  progress,  because  the  force  which  moves  them  will  have  gradu- 
ally and  from  the  commencement  imparted  equal  velocities  to  them.     But  let  J 
us  suppose  that  an  insurmountable  obstacle  suddenly  presents  itself  in  the  way  ( 
of  the  first  body,  and  stops  it  instantly ;  the  fore  part  of  the  surface,  the  parts  J 
struck,  are,  strictly  speaking,  the  only  parts  whose  velocity  is  directly  destroyed  5 
by  the  obstacle  ;  but  as  all  the  other  parts  are  intimately  attached  lo  the  first —  ) 
from  our  hypothesis,  the  body  is  solid — the  whole  of  that  body  will  atop. 

filh  the  small  body  which  we  have  simply  laid  upon  the  { 
slop  without  the  other,  to  which  nothing  attaches  it,  un- 
dight  degree  of  friction;  and  it  will  experience  no  effect — 
derity.     By  virtue  of  this  acquired  and  undiminished  velocity,  j 
separate  itself  from  the  large  one,  and  will  continue  to  ( 
direction  until  the  moment  when  its  own  weight  shall  ( 
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J  iring  it  to  the  earth.     Hence  it  will  be  understood  how  a  person  is  thrown  J 
J  forward  when  his  horse,  in  falling  down,  suddenly  stops ;  In  what  r 
f  travellers  seated  on  the  imperial  of  a  steaniTCarriage,  moving  with  great  Ve- 
5  locity  over  an  iron  railroad,  are  launched  into  the  air  like  so  many  ]■ 
)  jectiles  when  an  accident  instantaneously  stops  ihe  motion  of  these  ingeni' 
j  conlrivances.     But  is  our  earth  anything  else  than  a  carriage,  which,  in 
J  progress  through  regions  of  space,  requires  neither  wheels  nor  railways  ? 

se  said,  therefore,  is  directly  applicable  to  it. 

Our  velocity  round  the  sun  is  about  twenty  miles  per  second.     If  a  coi 

if  a  sufficient  mass  in  meeting  the  globe  should,  by  a  single  shock,  inslanta- 
i  neously  slop  its  motion,  ihe  bodies  placed  upon  its  surface,  such  as  animated  \ 
J  heings,  our  carriages,  furniture,  utensils,  all  objects  in  short  not  implanted  di- 
j  rectly  or  indirectly  in  the  soil,  would  fly  off"  to  the  point  of  the  earth  shocked-  \ 
J  by  the  comet  with  the  velocity  with  which  they  were  in  common  originally  ( 
;  endued— a  velocity  of  twenty  miles  per  second.     The  effects  of  such  an  event 
J  may  be  better  conceived  if  I  here  remark  that  a  twenty-four-pound  shot  has 
even  on  its  discharge  from  the  guii  a  velocity  of  more  iban  twelve  ^■■- 
i  dred  feet  per  second.     All  animated  nature  would  certainly  be  destroyed 
{  instant. 

As  for  the  waters  of  the  ocean — since  they  are  moveable — as  nothing  fastens  J 
)  them  to  the  solid  portion  of  the  earth — they  would  also  be  projeciei' 
J  toward  the  point  of  percussion.     This  terrific  liquid  mass  would  i 


I'erthrow  every  obstacle  in  its  »py.     It  would   j 
}  of  the  highest  mountains,  and  in  its  reflux  would  produce  ravages  i 
cely  less  tremendous.     The  disorder  which  is  occasionally  observed  i 
iirata  of  the  difl"eront  sorts  of  earth  forming  the  crust  of  the  globe  is.  it  may  ^ 
\  be  said,  but  a  microscopic  accident  compared  with  the  frightful  chaos  that  ( 

would  inevitably  occur  on  a  shock  of  a  comet  sufficiently  powerful  to  slop  the 
\  earth. 

It  is  only  necessary  to  diminish  in  some  degree  these  prodigious  effects  u 
}  find  what  results  would  be  experienced  from  the  shock  of  a  comet,  which, 
J  without  slopping  our  glqbe,  should  sensibly  decrease  its  velocity.  Certain  it  ( 
{  is,  however,  that  the  globe  has  never  been  stopped  completely ;  for  i 
;e,  the  central  force  not  being  counterbalanced,  it  must  have  fallen  i 
t  line  toward  the  sun,  where  it  would  have  arrived  sixty-four  and  a  half  \ 
(  days  after  the  shock. 

j      The  velocity  of  the  earth  and  the  magnitude  of  its  orbit  are  so  neariy  c 
f  nected,  that  one  cannot  change  withifflt  at  the  same  lime  producing  a  variat 

r.     It  is  unknown  whether  the  dimensions  of  the  orbit  have  remained  i 

lolhing,  then,  proves  that  the  velocity  of  the  globe  in  the  course  of   S 

)  ages  has  not  been  more  or  less  altered  by  a  cometary  concussion.     At  all  ( 

J  events,  it  is  incontestable  that  the  inundations  which  would  be  produced  by  > 

\  such  an  event  do  not  explain  the  effects  which  the  variations  of  the  earth  has  I 

mdergone,  now  so  well  described  by  geologists.  > 

A  few  words,  again,  before  quitting  this  subject,  on  the  consequences  of  C 

J  cometary  shock  as  respects  its  influence  on  the  rotary  movement  of  the  earlh.  J 

The  earth  turns  upon  itself  in  twenty-hours  from  the  west  to  the  east.     The  (, 

xis  of  rotation  is  called  the  axis  of  the  world ;  its  exlremities,  the  poles  i 

I  the  circle  equally  distant  from  the  two  poles,  the  equator.     The  circle  of  the  ^ 

equator  is  about  25,000  miles  in  circumference. 

Twenty-five  thousand  miles  are  in  consequence  the  space  through  which  a 
)  point  on  the  equatorial  region,  solid  or  fluid,  passes  every  twenty-four  hours  by  ^ 
j  the  rotation  of  the  globe.     An  obsen^er  situated  above  the  earth  and  its  a  ^ 

>  sphere,  would  not  be  drawn  into  this  movement,  but  would  see  all  the  parts  of  i 
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J  the  equator  pass  below  him  with  a  velocity  of  aboul  a  thousand  miles  an  hour. 
(  At  the  polus  ibemselves  this  kind  of  movement  does  not  exist ;  at  intermediate 
\  latitudes  it  is  less  than  at  the  equator. 

irs  of  the  ocean,  although  they  partake  of  this  rapid  motioTi,  do  not 

[  invade  the  surrounding  country,  for  in  every  place  the  shore  has  precisely  the 

(  same  velocity  as  the  water,  and  under  all  latitudes  the  continents  and  tke  seas 

\  that  bathe  them  are  in  a  relative  repose.     If  this  slate  of  things  were  to  change  ; 

if  the  waves  at  any  given  point  were  lo  continue  their  original  velocity,  while 

S  that  of  the  adjacent  land  was  suddenly  to  diminish,  the  ocean  would  at  the  same 

ime  overflow  its  limits. 

In  order  to  fix  our  ideas,  let  us  imagine  the  oblique  shock  of  a  comet  instan- 

J  taneously  to  turn  the  whole  solid  part  of  the  earth  round  its  diameter  at  the 

»  point  of  Brest.     That  city  having  become  the  pole,  the  whole  peninsula  of 

C  Brittany  would  be  in  an  almost  perfect  repose  ;  but  the  ocean  which  washes 

*  its  shores  on  the  west  would  not  be  so ;  for  as  we  have  before  observed  on 

J  the  occasion  of  the  movement  of  translation,  it  would  be  only  restin<r  on  the 

}  solid  base  of  which  its  bed  is  formed.     The  waters  would  precipitate  them- 

s  upon  a  shore  which  would  no  longer  run  before  them  with  the 

J  former  velocity  of  the  parallel  of  Brest. 

Behold,  then,  extensive  parts  of  tbe  continent  inundated,  lofty  regions  buried 

mder  the  waves  by  cometary  influence.     But  have  the  marine  deposiies  which 

ire  actually  discovered  on  the  mountains  been  conveyed  in  this  manner  ?     By 

lo  means.     These  deposites  are  frequently  horizontal,  of  great  breadth,  very 

}  thick,  and  very  regular.     The  varied  and  often  very  small  shells  which  com- 

lem  have  preserved  their  crests,  their  moat  delicate  points,  their  most 

1-  brittle  parts,  unbroken.     Every  circumstance,  then,  dissipates  the  idea  of  a 

['  violent  transposition  ;  everything  shows  the  deposites  to  have  been  formed  on 

''"  e  spot.     What  now  remains  to  complete  the  explanation  without  having  re- 

j  course  to  an  eruption  of  the  sea  1     It  must  be  admitted  that  the  mountains  and 

i  undulating  grounds  upon  which  they  are  based  have  risen  up  from  below, 

j  like  mushrooms  ;  that  they  have  grown  up  through  the  bosom  of  the  waters. 

I  In  1694,  Haltey  already  cited  this  hypothesis  as  a  possible  explanation  of  the 

J  presence  of  marine  productions  upon  the  sides  and  on  the  summits  of  the 

J  highest  mountains.     This  explanation  was  the  true  one  ;  it  is  ai  present  al- 

t  generally  admitted.     A  comet  which  should  perceptibly  alter  either  the 

ement  of  rotatfbn  or  the  progress  of  translation  of  the  earth  would,  without 

i  any  doubt,  occasion  terrific  convulsions  in  the  sheU  of  the  globe  ;  but,  it  must 

i  be  repealed,  these  physical  revolutions  would  difl'er  in  a  thousand  circumstances 

[  from  those  which  are  at  present  the  objects  of  geological  research. 

The  iirst  glance  of  the  matter  of  the  present  discourse  may  perhaps  raise  a 
j  question  with  some  whether  all  comets  must  not  be  periodic ;  the  difference 
!  among  them  being  only  that  the  periods  of  a  few  of  them  have  been  discovered, 
[  and  those  of  the  others  still  remain  unascertained.  It  does  not,  however,  fo!- 
it  all  that  the  comets  move  periodically  round  the  sun,  Newion  showed 
t  that  the  law  of  gravitation  would  allow  a  body  to  move  under  the  sun's  attrac- 
'a  any  of  those  species  of  curves  called  conic  sections  ;  and  that  the  par- 
r  species  in  which  any  body  might  happen  to  move  would  depend  alto- 
}  gether  on  the  velocity  and  direction  in  which  such  body  might  have  originally 
[  been  projected.     There  are  three  species  of  conic  sections ;   the  ellipsi     ' 


j  parabola,  and  the  hyperbola.     Now  i 
a  periodical  revolution  round  ihe  i 


is  only  the  ellipse  which  would  cause  j 

A  body  moving  in  either  of  the  other  J 

e  determinate  direction,  and  leave  it  in  \ 


erlainly  ascertained  that  any  c 
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When  any  physical  effect  is  progressively  transmitted  or  propagated  i 
straight  lines,  especially  if  those  lines  proceed  in  various  directions  round  the  \ 
)  point  whence  the  effect  originates,  the  phenomenon  is  called  radialwn.     The  J 
effect  is  said  to  be  radiated,  and  the  lines  along  which  it  is  transmitted  a 
called  rays. 

Several  natural  phenomena  present  examples  of  this,  of  which  light  is  by  ) 

far  the  most  remarkable.     Every  point  of  a  visible  object  emits  rays  of  light  J 

j  which  diverge  in  all  possible  directions  from  that  point,  and  it  is  by  these  rays  5 

J  of  light  that  the  point  itself  becomes  visible.     These  tays  of  light,  in  like  n 

,  when  they  proceed  from  a  luminous  object,  such  as  Ae  sun,  or  the  flame  J 
\  of  a  lamp,  falling  on  other  objects,  illuminate  them,  and  making  the  points  of 
j  their  surfaces  become  new  centres  of  radiation,  render  them  visible. 

The  secondary  rays  which  they  thus  radiate  by  reflection  meeting  the  eye, 
5  produce  a  corresponding  sensation,  which  excites  a  consciousness  of  the  pres- 

e  of  the  object.     Radiation  is  likewise  a  property  of  heat.     A  hot  body,  ' 
{  such  as  a  ball  of  iron,  raised  to  the  temperature  of  400°,  placed  in  the  middle  ( 
1  chamber,  will  transmit  heat  in  every  direction  round  it.     Now  this  heat  S 
i  may  easily  be  proved  not  tp  be  transmitted  merely  by  means  of  the  surrounding  ( 
J  air,  for  in  this  case  the  effect  would  be  an  upward  current  of  hot  air,  which  S 
f  would  ascend  by  reason  of  its  comparative  lightness ;  on  the  other  hand,  the  J 
>  heat  which  proceeds  from  the  ball  is  found  to  be  transmitted  downward,  hor-  > 
<  iiontally,  and  obliquely,  and  in  every  possible  direction.     It  is  likewise  tri 
S  mitted  almost  instantaneously,  at  least  the  time  of  its  transmission  is  utterly  in-  J 
J  appreciable.     A  delicate  thermometer,  placed  at  any  distance  below  the   ball,  r 
)  will  be  immediately  affected  by  it,  and  the  proof  that  this  is  true  radiation,  is 
J  found  in  the  fact  that  the  rays  may  be  intercepted  by  a  screen  composed  of  a 
f  material  not  pervious  to  heat.     The  rays  may  be  proved  to  be  transmitted  in 
straight  lines  in  exactly  the  same  manner,  and  by  the  same  reasoning,  as  is  ap- 
)  plied  to  rays  of  light. 
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But  ilie  radiation  of  heat,  independently  of  any  power  of  transmission  which  ( 
may  reside  in  the  air,  is  put  beyond  dispute  by  ihe  fact  that  a  thermometer  sus- 
pended in  the  receiver,  of  an  air-pump,  when  it  is  exhausted,  is  affected  by  the 
aolar  rays  directed  upon  it. 

The  effects  of  the  radiation  of  hot  bodies  prove  that  rays  of  heat  exist  unac- 
companied by  light.     On  the  other  hand,  the   calorific  property  which  con- 
stantly accompanies  the  solar  rays,  as  well  as  the  rays  proceeding  from  flamej 
would  indicate  that  heat  is  a  necessary  concomitant  or  property  of  light.     It  is  1 
ascertained  also  that  the  calorific  principle  exists  with  different  degrees  of   f 
energy  in  lights  of  different  colors.     Sir  William  Herschei,  being  engaged  ii 
telescopic  observations  on  the  sun,  found  that  the  colored  glasses  which  hi 
used  to  mitigate  the  brilliancy  of  that  luminary,  in  order  to  enable  the  eye  ti 
bear  its  splendor,  were  cracked  and  broken  in  pieces  by  the  heat  which  they  ( 
absorbed  from  the  light  which  acted  on  them.     This  led  him  to  investigate  the  j 
calorific  properties  of  the  different  component  parts  of  solar  light ;  and  the 
periments  which  he  instituted  led  to  an  important  extension  of  the  analysis  of  j 
light  originally  discovered  by  Newton. 

Let  A,  B,  C,  fig.  1,  be  a  section  of  a  glass  prism  cut  at  right  angles  to  it 
length,  and  let  S,  S,  be  a  ray  of  light  admitted  through  a  small  aperture  in 
window-shutter,  and  striking  the  surface  of  the  glass  at  S.  It  is  a  property  o 
glass,  which  is  explained  in  optics,  that  when  light  enters  it  in  this  mannei 
the  ray  is  bent  from  its  course,  and  instead  of  proceeding  in  the  direction  S,  S 
it  would  do,  if  it  did  not  encounter  the  glass,  it  is  deflected  upward  in  ax 


other  direction,  forming  an  angle  with  its  original  course.  Now  it  is  found 
that  the  ray  thus  bent  upward  does  not  continue  to  form  one  line  of  white 
light  as  before,  but  it  spreads  or  diverges,  and  if  received  on  the  screen,  instead 
of  illuminating  a  sinde  spot,  as  it  would  do  if  it  were  not  intercepted  by  the 
prism,  it  covers  an  extended  line  on  the  screen  from  V  to  R,  and  the  length 
of  this  line  increases  if  the  screen  be  moved  from  the  prism,  and  decreases  if 
the  screen  be  moved  toward  the  prism  ;  a  necessary  consequence  of  the  di- 
rergence  of  the  rays  issuing  from  the  prism.  It  is  also  observed  that  this  line 
of  light  thus  produced  on  the  screen,  is  not  a  uniform  white  light  like  the  spot 
which  would  be  produced  on  a  screen  held  between  A,  B,  C,  and  the  wmdow- 
shutler.  On  the  other  hand,  an  appearance  is  produced  of  a  regular  succession 
of  brilliant  colors,  the  highest  color,  V,  being  violel,  the  next  below  this,  tndigo, 
which  is  succeeded  by  bhe,  green,  yellow,  orange,  and  finally  red,  in  regular 
succession,  each  color  occupying  a  certain  space  on  the  line  of  light.  This 
effect  is  commonly  called  the  prismatic  spectrum,  and  it  depends  upon  two  facts 
which  are  ascertained  in  optics,  namely :  first,  that  the  ray  of  light,  S,  S,  is 
compounded  of  several  distinct  rays,  which  differ  from  each  other  in  color ; 
idly,  that  the  glass  of  the  prism  A,  B,  C,  is  capable  of  refracting  or  bending 
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It  of  their  course  these  different-colored  lights  ia  different  degrees.     Thi 

s  capable  of  deflecting  the  violet  light  more  than  the  indigo,  the  indigo  n 

S  than  the  bhie,  and  so  on,  each  color  in  succession  being  more  refrangible  by  the  J 

n  than  that  which  occupies  a  lower  place,  and  red  being  therefore  the  J 

I  least  refrangible  component  part  of  the  solar  beam. 

j       Let  us  now  suppose  that  the  bulbs  of  a  series  of  thermometers  are  placed  in 

>  the  different  colored  lights,  from  the  violet  to  the  red,  in  regular  succession. 
J  The     la     e  hea  ng  powers  of  these  different  colors  will  be  indicated  by  the 

>  effec  h  h  h  J  p  oduce  on  the  several  thermometers,  the  most  powerful 
ng  ha  wh  1  a  ses  the  thermometer  exposed  to  its  influence  highest, 
s  found  ha  he  hermometer  whose  bulb  is  covered  with  the  violet  light  is 
si  a  d  ha  hat  which  is  exposed  to  the  indigo.  This  again  is  less 
ied  han  ha  wh    h  is  exposed  to  the  blue,  and  the  elevation  of  the  several  J 

I  thermome  e  s     o  on    has  regularly  increasing ;  that  which  is  acted  upon  by  ? 
)  the  red  light  slandmg  atgt       Itj       h  yfhth  H 

{  infer  that  the  calorific  p  f  h       d  1  gh        g 
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prismatic  spectrum 
liancy  gradually  dimin   h 
is  found  to  be  greatest 

It  occurred  to  Sir  Will 
which  are  not  luminou 

n  solar  light  itself     T 
the  space  immediately  b  ! 

found,  aa  he  had  pdhhhm  II  db 

affected,  and  conseque    ly  h       h     p  1       I     fi     ray  bl         d 

non-luminous,  was  man  fdbwl  m  glhfdhh 

calorific  power  of  thes       viblj  y  hhfhlm 

ous  red  rays,  in  fact,  thnm  ff  fh  Ifijwfd 
point  H,  a  little  below  K.  From  that  point  downward  the  calonhc  influence  rap- 
idly diminished,  until  it  altogether  disappeared.  There  are,  therefore,  a  num- 
ber of  invisible  rays  proceeding  from  the  prism,  and  occupying  the  space  H, 
below  R.  These  rays  are  refracted  by  the  prism  in  the  same  manner  as  the 
luminous  rays,  but  the  refraction  is  less  in  quantity.  These  invisible  rays  also 
differ  from  each  other  in  refrangibility,  in  the  same  manner  as  the  luminous  ] 
rays  do,  since  they  occupy  a  space  of  some  extent  below  R.  Those 
position  is  lowest  being  less  refrangible  than  those  nearer  to  the  luminous  rays.  ( 

Soon  after  these  experiments  of  Sir  William  Herschel,  the  attention  of  1 
several  distinguished  philosophers  was  attracted  to  the  investigation  of  the  < 
properties  of  the  prismatic  spectrum,  and  among  others  the  late  Dr.  WoUaston, 
Ritter,  and  Beckmann.     It  had  been  long  known  that  the  solar  light  pro- 
duced an  influence  on  certain  chemical  processes.     Thus  the   chloride  of  ) 
silver,  exposed  to  the  direct,  rays  of  the  sun,  was  known  to  acquire  a  black  j 
color.     Chemical  effects  were  also  produced  on  the  oxides  of  certain  i 
It  was  shown  by  Scbeele  and  others  that  these  effects  were  produced  by  the  J 
rays  of  light  which  occupy  the  upper  part  of  the  spectrum,  and  not  at  all  by  the  ) 
red  rays.     A  feeble  effect  was  produced  by  the  green  ray,  and  the  chemical  < 
energy  was  increased  by  ascending  toward  the  violet  ray.     The  cir 
of  Herschel  having  discovered  invisible  calorific  rays  under  the  lower  extremity  J 
of  the  spectrum,  and  even  finding  the  point  of  extreme  energy  in  that  space, 
suggested  to  these  philosophers  the  inquiry,  whether  the  chemical  influence  J 
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which  was  observed  tn  increase  in  ascending  toward  the  upper  extremity, 
might  not  exist  in  the  space  above  that  point,  where  no  himinous  cays  were 
apparent.     They  accordingly  found,  on  exposing  substances  highly  susceptible 
of  this  chemical  influence  in  the  several  spaces  occupying  the  upper  pari  of  the 
spectrum,  and  also  in  the  space  immediately  above  V,  that  the  chemical»action 
was  continued,  as  they  had  anticipated,  beyond  the  luminous  rays  ;  and  as  the  , 
maximum  heating-power,  was  found  below  R,  so  the  maximum  chemical  influ-  > 
ence  was  found  to  be  in  the  space  above  V,  in  ascending  beyond  that  point  the  | 
chemical  influence  rapidly  diminished  until  it  disappeared.     It  follows,  there-  ' 
fore,  that  there  are  a  number  of  chemical  rays  proceeding  from  the  prism  more  ! 
refrangible  than  any  luminous  rays,  and  falling  on  the  screen  above  the  point 
V,  in  the  space  C.     These  chemical  rays  are  found  to  be  altogether  destitute 
of  the  heating  principle,  or  at  least,  tlieir  effects  on  a  thermometer  were  inap- 
preciable. 

The  experiments  of  Herschel  were  repeated  by  several  other  philosophers, 
with  various  success,  some  being  unable  to  detect  any  calorific  rays  beyond 
luminous  spectrum,  others  detecting  iheir  existence,  but  fixing  the  maximum 
calorific  influence  in  the  red  rays,  and  others  again  agreeing  in  all  respects 
with  Herschel.  Of  these,  the  most  valuable  were  experiments  instituted  by 
Berard,  in  (he  laboratory  of  BertholIeC  at  Paris.  This  philosopher  used  a 
heliostal,  which  is  an  instrument  constructed  for  the  purpose  of  reflecting  a 
ray  of  the  sun  constantly  in  one  direction,  notwithstanding  the  change  of  posi- 
tion of  the  sun  by  its  diurnal  motion.  He  thus  obtained  a  perfectly  steady  and 
immoveable  spectrum  ;  and  he  repeated  the  experiment  under  much  more  fa- 
vorable circumstances  than  those  in  which  Herschel's  investigations  were  con- 
ducted. 

These  experiments  fully  corroborated  the  results  of  former  investigations, 
and  put  beyond  all  question  the  presence  of  invisible  rays  beyond  both 
extremities  of  the  spectrum,  the  one  possessing  the  chemical,  the  other  the 
calorific  property.  Berard,  however,  found  the  maximum  calorific  influence 
exactly  at  the  extremity  of  the  luminous  spectrum,  where  the  bulb  of  a 
thermometer  was  completely  covered  with  red  light.  The  only  difference  then 
which  remained  to  be  accounted  for  in  the  results  of  different  experiments,  was 
the  point  of  maximum  calorific  power,  and  it  was  conjectured  by  Biot  that  this 
apparent  discordance  might  be  accounted  for  by  the  different  materials  of 
which  the  prisms  were  composed  This  conjecture  was  subsequently  varified 
by  Seebeck,  who  proved  th      h    p  f  g  1     fi  d 

'   pended  on  the  nature  of  the  pn  m  b)  wh    h  h       y  f        d      H    f      d 

that  a  hollow  prism,  filled  wh  lllfidhp  fgr 

calorific  intensity  in  the  yell  If  fill  d  w  1  1  f 

sublimate,  or  with  sulphuric        dhp         wfdnh 
!   When  a  prism  of  crown-glas    w  das  dhdyb 

when  a  prism  of  flint-glass  dhp  f  g  1     fi  y 

took  the  position  which  H       h  1  d  hi  p 

below  the  red  ray.     Thus     li    1       pp  d         d  n    h         p 

were    satisfactorily  account  d  f         fh  ul      of    1  p     m  h 

given  rise  to  two  distinct  hyp    h  p         g  h  f      1     I  gh 

In  one  it  is  supposed  that   hi  SS  mpdfhd 

physical  principles:  the  ch  1     h     I  ra  d    h        1     fi        I 

imagine  a  screen,  M,  N,  fig       pi      d  h    w         h    p  1        d  w    h 

which  is  capable  of  intercep     g    1     lum  d    h        I     f     pn      pi     b 

which  allows  the  chemical      j  b  mdlh  hpm 

will  refract  the  chemical  raj         d  h        to  d  d  PJ       P 

on  the  screen  between  the  point  C,  and  C  ,  correspondmg  to  the  highest  point 
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above  the  luminous  spectrum,  where  the  chemical  influence  is  found,  anH  C 
the  lowest  point  in  the  green  Ught,  where  its  presence  is  discoverabie.     Let 


1  M,  N,  to  allow  the  luminous  rays  lo  be  likewise  J 
.  _  ifracted  by  the  prism,  and  will  occupy  the  space  L,  5 
L',  corresponiling  to  that  already  described  as  limited  by  the  violet  and  red  j 
lights.     Finally,  if  the  screen  M,  N,  be  removed,  and  all  the  rays  allowed  to  i 
pass  through  the  prism,  the  calorilic  rays  will  occupy  the  space  from  H,  to  H', 
these  being  the  points  where  the  thermometer,  in  ascending  and  descending, 
ceased  to  be  affected.     Thus,  according  to  this  supposition,  three  distinct  J 
spectra,  if  they  may  be  so  called,  are  formed  :  the  chemical  spectrum,  the  lu- 
minous spectrum,  and  the  calorific  spectrum.     These  spectra,  to  a  certain  ex- 
tent, are  superposed,  or  laid  one  upon  another ;  but  the  chemical  spectrum  ex- 
tends beyond  the  luminous,  at  the  upper  part,  while  the  calorific  spectrum  ex- 
tends beyond  the  luminous,  at  the  lower  end.     Each  spectrum  consists  of  rays  \ 
differently  refrangible  by  the  prism ;  and  if  the  middle  ray  be  considered  as 
representing  its  mean  refrangibilily,  it  will  follow  chat  the  mean  refrangibility  \ 
of  the  chemical  raya  is  greater  than  that  of  the  luminous  rays,  and  the  mi 
refrangibility  of  the  luminous  rays  greater  than  that  of  the  calorific  rays, 
prisms  of  different  materials  be  used,  the  relative  degree  of  mean  refrangibility  J 
will  be  subject  to  change  ;  thus,  the  liquid  prism  above-mentioned,  will  cause  ( 
tlie  mean  refrangibility  of  the  calorific  rays  to  be  more  nearly  equal  to  that  of  ' 
the  luminous  rays  than  the  glass  prism. 

According  to  the  other  hypothesis,  the  solar  beam  consists  of  a  number 
rays,  which  differ  from  eaxh  other  in  their  capability  of  being  deflected  by  any  \ 
refracting  medium.     When  transmitted  through  a  prism  and  received  on  a 
screen,  the  most  refrangible  passes  lo  the  highest  point,  and  the  least  refrangi- 
ble to  the  lowest  point,  those  of  intermediate  degrees  of  refrangibility  taking  J 
intermediate  places.     It  is  assumed  that  the  rays  which  thus  differ  in  refran- 
gibility,  have,  also,  different  properties  and  quaJiiiea,  and  that  they  possess  the 
same  quality  in  different  degrees.     Thus  rays  of  different  refrangibility  have  \ 
different  illuminating  powers,  and  they  possess  the  chemical  agency  with  dif-  ) 
ferent  degrees  of  energy.     So  far  as  the  sensibility  of  thermometers  enable  us 
to  discover  the  existence  of  the  calorific  principle,  it  extends  from  a  certain 
point  below  R,  to  a  certain  point  in  the  violet  light,  but  the  diminution  of  its 
temperature  is  observed  to  be  gradual  in  approaching  its  limit,  and  it  is  consis- 
tent with  analogy  that  it  should  exist,  in  a  degree  not  discoverable  by  thermom- 
eters, beyond  these  .points.     Although,  therefore,  the  thermometer  does  not  in- 
dicate the  calorific  principle  in  the  invisible  chemical  rays  at  the  lop  of  the 
spectrum,  yet  we  cannot  infer  that  these  raya  are  altogether  destitute  of  thai  j 
principle,  without  assuming  that  the  sensibility  of  thermometers  has  no  limiis.  j 
In  like  manner  the  chemical  influence,  so  far  as  experiment  determines 
presence,  ends  somewhere  in  the  green  light,  about  the  middle  of  the  luminf 
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ipeclrum,  but  the  diminution  of  its  influence  to  this  point,  is  gradual ;  ani 
cannot  be  inferred  with  certainty,  that  it  might  not  exist  in  less  degree  in 
rays  below  this  limit,  and  even  in  those  invisible  rays  which  are  beyond  the  { 
red  ray,  unless  we  assume  that  there  are  no  tests  of  chemical  influence  of 
greater  sensibility  than  those  which  have  been  used  by  the  philosophers  who 
instituted  esperiraenta  on  this  subject. 

The  presence  of  the  luminous  quality  is  determined  by  its  eff'ect  on  thii  hu- 
nn  eye,  and  the  discovery  of  it  must,  therefore,  be  limited  to  the  sensibility  J 
of  that  organ.     To  pronounce  that  there  are  no  luminous  rays  beyond  the  lim- 
its of  the  visible  spectrum,  is  to  declare  that  the  sensibility  of  the  human  eye  J 
is  infinite.     Now,  it  is  notorious,  not  only  that  the  sensibility  of  sight  in  dif- 
ferent individuals  is  different,  but  even  that  the  sensibility  of  the  eye  of  the 

different  limes,  is  susceptible  of  variation.     If  a  person  pass  ? 
suddenly  from  a  strongly-illuminated  apartment  into  a  chamber,  the  windows  J 
of  which  are  closed,  he  will  be  immediately  impressed  with  a  sensation  of  u 
ter  darkness,  and  will  be  totally  unable  to  discover  any  object  in  the  room  ;   bi 
when  he  has  remained  some  time  in  the  darkened  room,  he  will  begin  to  be  J 
sensible  of  the  presence  of  light,  and  will,  at  length,  even  discern  distinct  ob- 
jects.    In  this  case,  the  eye,  while  exposed  to  the  intense  light  of  the  first  ( 
ihamber,  accommodated  its  powers  to  the  quantity  of  light  to  which  it  was  "" 
posed,  and,  by  a  provision  of  nature,  limited  its  sensibility  in  proportion  as 
light  was  abundant.     Passing  suddenly  into  the  darkened  chamber,  wher 
very  small  quantity  of  light  was  admitted  through  the  crevices  of  the  windows,  < 
ipable,  in  its  actual  state,  of  any  perception  of  light,  notwith-  ' 
'     '  ence  of  that  physical  principle;  but  when  time 

adapt  itself  to  the  new  circumstances  in  which  it  J 
is  increased,  and  a  distinct  perception  of  light  ob- 


standing  the  undoubted  prese 
■was  allowed  for  the  organ  t( 
was  placed,  its  sensibility  v 
tained. 

It  is,  therefore,  perfectly  ci 
individual,  and  ( 


n,  that  the  sensibility  of  the  eye  is  variable  ( 
changeable  at  will.    It  is  hkewise  perfectly  J 
certain,  that  different  individuals  have  different  sensibilities  of  sight,  one  indi- 
vidual being  capable  of  perceiving  light  which  is  not  visible  to  another.     Cir- 
cumstances tender  it  highly  probable  that  many  inferior  animals  have  a  sensa- 
tion of  light,  under  circumstances  in  which  the  human  eye  has  no  petceptior 
of  it ;  and  it  is,  therefore,  consistent  with  analogy  to  admit,  at  least,  the  possi- 
bility, if  not  the  probability,  that  the  invisible  rays  which  fall  on  the  space  be 
yond  each  extremity  of  the  luminous  spectrum,  may  be  of  the  same  nature  as 
the  other  lays  of  light,  although  they  are  incapable  of  exciting  the  retina  of  J 
the  human  eye  in  a  sufficient  degree  to  produce  sensation.     This,  probably,  ; 
will  receive  still  further  support  and  confirmation,  if  we  can  show  that  thes 
invisible  rays  enjoy  all  the  optical  properties,  save  and  except  that  of  aff'ecting  j 
the  sight,  which  other  luminous  rays  possess. 

It  has  already  appeared  that  the  non-luminous  calorific  rays,  H,  fig.  2,  are 
fracted  by  transparent  media  in  different  degrees  ;  this  refraction  is  also  proved  J 
to  be  subject  to  the  same  laws  as  the  refraction  of  luminous  rays.     Thus  the  J 
sine  of  the  angle  of  incidence  bears  a  constant  ratio  to  the  sine  of  the  angle 
of  refraction,  when  the  refracting  medium  is  given,  and  refracting  media  of  dif-  | 
ferent  kinds  refract  these  rays  in  different  degrees.  > 

If  the  invisible  calorific  rays  at  H,  fig.  3,  be  allowed  to  pass  through  a  hole  j 
in  the  screen,  and  be  received  on  the  plane  refiector  M,  they  will  be  reflected  ii 
the  direction  M  H,  in  the  same  manner  as  a  ray  of  light  would  be  under  lh( 
same  circumstances  ;  that  is,  the  rays  M  H'  and  M  H  will  be  equally  inclinec 
lo  the  plane  of  the  refiector.  If  rays  of  heat  be  received  on  a  concave  reflec 
tor,  they  will  be  reflected  to  a  focus  in  exactly  the  same  manner  as  rays  of  j 
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I  light ;  and  in  a  word,  all  the  phenomena  explained  in  optics,  concerning  tbe 
reflection  of  light  by  surfaces,  whether  plane  or  curved,  are  found  to  acc( 

;  ny  the  reflection  of  the  non-luminous  calorific  rays.     This  is  actually  found  to 
take  place,  whether  the  non  luminous  rays  be  those  which  are  obtained  by  re-  ' 
fleeting  the  solar  light  by  the  prism,  or  produced  from  a  healed  body. 


In  the  experiments  of  Berard,  the  question  of  the  identity  of  the  calorific 
i  and  luminous  rays  was  submitted  to  tests  even  more  severe.     There  are  certain 
5  crystallized  bodies  called  double  refracting  crystals,  which  produce  pecuhar  ] 
(  effects  on  the  rays  of  light  transmitted  through  ihem.     Let  A  B,  fig.  4,  be  the 
j  surface  of  a  piece  of  Iceland  spar,  or  carbonate  of  lime,  which  is  one  of  this  [ 
j  class  of  bodies,  and  let  L  L'  be  a  ray  of  light  striking  obliquely  on  the  surface  ■ 
i  of  this  crystal ;  if  the  crystal  were  common  glass  this  ray  would  be  bent  oi 
j  of  its  course,  and  would  pass  through  it  in  another  direction  ;  but,  jn  the  cas 
)  of  Iceland  epar  it  is  observed  that  the  ray  L  L'  is  divided  into  two  distinct  / 
J  rays,  which  proceed  in  two  difl^erent  directions,  L' M,  L' M',  throtigh  the  >] 
S  crystal.     Let  anon-luminous  calorific  ray,  taken  from  the  lower  end  of  the  [ 
j  spectrum,  be  in  like  manner  transmitted  to  the  surface  of  such  a  crystal,  it 
S  will  be  found,  that,  in  penetrating  the  crystal,  it  will  be  divided  into  two  rays, 
J  and  that  these  two  rays  will  be  deflected  according  lo  the  same  laws,  exactly  ' 
j    as  a  luminous  ray  is  under  the  same  circumstances. 


A  luminous  ray  thus,  after  its  transmission  through  a  double  refracting  c 
al,  is  observed  lo  have  received  a  peculiar  physical  modification,  which  i 
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called  polarization.  In  fact,  a  mirror,  placed  in  a  certain  inclined  position,  i 
above  or  below  one  of  these  two  rays,  is  capable  of  reflecting  them  in  the  or- 
dinary way  ;  but  if  placed  in  the  same  oblique  position,  on  either  side  of  them, 
it  becomes  utterly  incapable  of  reflecting  them.  The  other  ray  possesses  a 
similar  quality,  but  the  position  of  the  non-reflecting  side  is  reversed.  Now, 
the  two  rays  into  which  a  non-iuminoiis  calorific  ray,  transmitted  through  such 
a  crystal,  is  resolved,  are  found  to  possess  precisely  the  same  property — 
they  are  polarised. 

A  ray  of  light  falling  on  a  reflecting  surface  at  a  certain  angle,  the  magni- 
tude of  which  will  depend  on  the  nature  of  ihe  surface,  is  found,  when  reflect- 
ed in  the  ordinary  way,  lo  be  polarized  or  put  into  the  physical  state  just  now 
mentioned,  to  result  from  the  double  refraction  of  a  crystal.  It  is  capable  of  j 
being  reflected  by  an  oblique  mirror  placed  above  or  below  it,  but  it  is  incapa- 
ble of  being  reflected  by  the  same  mirror,  similarly  placed,  on  either  aide.  A 
non-luminous  calorific  ray,  whether  proceeding  from  (he  prism,  or  from  a  hot 
body  reflected,  is  found  to  undergo  the  same  effect,  and  to  be  also  polarized. 

In  the  experimental  investigation  of  fhe  phenomena  attending  the  radiation  ( 
of  heat,  it  is  necessary  to  distinguish  the  effect  of  radiated  heat  from  the  cas- 
ual variation  of  the  temperature  of  the  air  in  the  apartment  in  which  the  exper- 
iment may  be  conducted.     The  use  of  the  thermometer  would,  in  this  case,  be 
attended  with  material  inconvenience,  inasmuch  as  it  would  be  extremely  difR- 
the  effect  of  the  heat  radiated,  from  the  casual  change  of  j 
of  the  medium  in  which  the  thermometer  is  placed.     A  second  ( 
thermometer,  it  is  true,  might  be  used  in  such  experiments,  the  variationi 
which  would  show  the  change  of  temperature  of  the  medium ;  but  this  second  ; 
thermometer  could  never  be  placed  exactly  in  the  same  position  as  the  ther- 
mometer aSected  by  the  radiant  heat :  and  it  would  not  follow  that  the  changes 
of  temperature  of  two  different  parts  of  the  same  chamber  would,  necessarily, 
be  exactly  alike.     An  instrument,  therefore,  which  is  not  affected  by  any  ( 
change  of  temperature  in  the  medium  in  witich  it  is  placed  would  be  capable 
of  giving  much  more  accurate  indications  for  such  a  purpose.     Such  an  in- 
strument was  invented  and  applied  by  Sir  John  Leslie,  in  his  experiments  on 
radiant  heat,  the  results  of  which  have,  so  justly,  placed  that  distinguished  ( 
philosopher  in  the  first  rank  of  modern  discoverers  in  physics. 

The  diff'erential  thermometer  of  Leslie  consists  of  a  small  glass  tube,  fig.  5, 
at  each  extremity  of  which  is  placed  two  thin  hollow  bulbs,  F  E,  of  glass,  and 
the  tube  is  bent  into  the  rectangular  form,  E  A  B  F,  and  supported  on  a  stand  j 
S,  the  bulbs  being  presented  upward.     This  tube  contains  a  small  quantity  of  } 
Eiilphuric  acid,  tinged  red  with  carmine,  to  render  it  easily  visible,  filling  the  J 
greater  part  of  the  legs  and  horizontal  branch.     To  one  of  the  legs,  F  B,  ; 

Fig.  5. 
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i  scale  is  attached,  divided  into  100°,  and  the  liquid  contained  in  the  tube  is  so 

>  disposed,  that  it  stands  in  the  graduated  leg  opposite  that  point  of  the  scale 
which  is  marked  O'',  when  both  bulbs  are  exposed  to  the  sanie  temperature. 

)  The  glass  ball  attached  on  the  leg  of  the  instrument  which  bears  the  scale,  is 
J  called  the  focal   tall.     Dry  air  is  contained   in  the  balls  above  .the   sulphuric 

icid,  which,  not  being  vaporizable,  does  not  affect  the  pressure  of  the  ait  above 

it  by  its  vapor. 
If  this  instrument  be  brought  into  a  warm  room,  the  air  contained  in  both 
<  bulbs  is  equally  affected  by  (he  increase  of  temperature,  and  therefore  no  change 
;  takes  place  in  the  position  of  the  liquid  ;  and  whatever  changes  the  lempeia' 
e  of  the  apartment  may  undergo,  for  the  same  reason,  produce  no  effect  on 
/  the  instrument.  Suppose,  however,  that  the  focal  ball  F  is  submitted  to  the 
J  effect  of  heat,  from  which  the  baU  E  is  free ;  then  the  air  in  F  will  acquire  a 
)  greater  degree  of  elasticity,  while  the  air  in  E  maintains  ita  former  pressure ; 
J  the  liquid  in  the  leg  F  B  will,  therefore,  be  pressed  downward,  until  the  in- 

>  creased  space  obtained  by  the  air  in  F,  and  the  diminished  space  into  which 
J  the  air  in  E  is  pressec(.by  the  ascent  of  the  liquid  in  A  E  is  such,  that  the  pres- 
[  sure  of  the  air  in  the  two  balls,  by  diminishing  that  of  the  ait  in  F  and  increas- 

g  that  of  the  air  in  E,  acquires  a  difference  which  is  equal  to  the  weight  of 
)  the  column  by  which  the  height  of  the  liquid  in  A  E  exceeds  the  height  of  the 
I  liquid  in  B  F.  In  fact,  the  least  attention  to  the  instrument  will  show,  that 
{  difference  of  the  heights  of  the  columns  of  liquid  in  the  two  vertical  tubes, 
(  will  represent  the  difference  between  their  pressures  of  the  air  contained  i 
S  two  bulbs.  It  is  from  this  property  of  indicating,  not  the  absolute  temperatures, 
5  but  the  difference  of  the  two  adjacent  points,  that  the  instrument  has  received 
its  name. 

Let  M  M',  tig.  6,  be  two  concave  mirrors,  placed  face  to  face,  at  the  distance  i 
of  ten  or  twelve  feet,  having  a  certain  form  called  parabolic,  the  properly  of  j 
which  we  shall  now  describe  : — If  the  flame  of  a  candle,  or  any  other  source  j 
of  light,  be  placed  at  a  point/,  called  the  focus  of  the  mirror  M,  the  rays  of  j 
light  which  proceed  from  it  in  every  direction,  and  strike  on  the  concave  surface  ( 
of  the  mirror  M,  will  be  reflected  in  parallel  lines  toward  the  mirror  M'.  When  ( 
these  parallel  rays  encounter  the  surface  of  the  reflector  M',  they  will  be  again  { 
reflected  by  it,  in  lines  which  all  converge  to  the  same  point/',  which  if 
focus  of  M'.  Now,  instead  of  a  luminous  flame,  let  amadou,  gunpowde 
other  matter  easily  inflammable,  be  placed  in  the  focus/  and  place  a  red-hot  J 
metallic  ball  in  the  other  focus/'.  In  a  few  minutes  the  amadou  or  gunpow 
der  will  be  inflamed  or  exploded  by  the  heat  radiated  by  the  ball  and  collected  i 
at  the  point  /"by  the  reflectors  M  M'. 


on-luminous  heat  are  similarly  reflected,  let  i 
hollow  ball  of  metal,  filled  with  boiling  w 
ter,  be  substituted  for  it  at/'  i  let  the  focal  ball  of  a  differential  thermometer  be  \ 
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placed  at/— instantly  the  liquid  will  be  depressed  in  the  leg  of  the  thermome- 
ter, and  the  presence  of  the  source  of  heat  greater  than  that  of  the  surrounding  J 
medium  will  be  thus  indicated.  That  this  source  of  heat  is  derived  from  the  ) 
vessel  of  hoi  water  in  the  focus  y  may  he  easily  proved.  Let  this  vessel  be  ( 
removed,  and  immediately  the  liquid  in  the  thermometer  will  rise  to  its  oi 
ry  level ;  but  it  may  be  said  that  the  effect  is  produced  on  the  ihermometet  by  \ 
the  heat  transmitted  direct  fvoraf  iof.  This,  however,  may  be  proved  not  to  J 
be  the  case ;  for  let  the  hot  water  be  placed  as  before  atf,  and  let  the  mirror  ( 
M  be  removed,  the  effect  produced  on  the  thermometer  will  immediately  ci.  . .  _ . 

The  rapidity  with  which  the  heat  thus  radiated  from/'  and  reflected  by  the  / 
mirrors  to/"is  propagated,  may  be  shown  by  interposing  between/and/"'  a,  b< 
composed  of  any  substance  not  pervious  to  calorific  rays.  When  the  scr 
thus  interposed,  the  liquid  in  the  thermometer  will  recover  its  ordinary  level ;  J 
but  the  moment  the  screen  is  again  withdrawn,  the  liquid  instantly  falls  ii  ' 
focal  leg ;  and  this  takes  place  by  whatever  distance  the  two  mirrors  may  be  J 


Of  the  two  hypotheses  already  mentioned,  which  have  been  proposed  for  the 
f  explanation  of  the  phenomena  observed  in  the  prismatic  spectrum,  that  which  \ 
!  supposes  light  to  consist  of  three  distinct  principles  seems  to  be  attended  with  J 
1  variety  of  circumstances  which  throw  improbability  upon  it.     The  three  f 
1  principles  thus  distinguished  enjoy  the  same  leading  properties.     They  all  obey,  ' 
vith  the  most  minute  precision,  the  ordinary  laws  of  optics,  and,  in  fact,  pos- 
less  every  property  of  light  except  the  most  prominent  and  obvious  one  of 
J  affecting  the  sight.     The  other  hypothesis,  on  the  contrary,  has  the  advantage  ) 
j  of  great  simplicity ;  in  it  light  is  considered  as  compounded  of  a  number  of  S 
t  rays  unequally  refrangible,  and  possessing,  consequently,  different  influences  \ 
j  on  oiher  bodies,  and  on  vision.     The  calorific  and  chemical  properties  which  J 
?  disappear  alternately  at  the  extremities  of  the  spectrum,  are  considered  a 
j  pending  on,  or  connected  with,  the  difference  of  refrangibility,  and  as  becom-  i 
[  ing  insensible  under  different  variations  in  that  property ;  it  is  very  conceivable  J 
!  that  the  calorific  power  of  rays  may  vary  in  some  inverse  proportion  with  re-  J 
(  spect  to  their  refrangibility,  while  the  energy  of  the  chemical  power  may  change  ( 
i  in  a  contrary  direction.     In  a  word,  since  all  the  rays  refracted  by  the  prism  { 
j  agree  in  by  far  the  greater  number  of  their  properties,  and  disagree  only  ii 
e  peculiar  effects ;  and  since  even  this  disagreement  may  be  considered  f 
e  as  apparent  than  real,  and  may  arise  from  the  want  of  sufficient  sensibili- 
)  ty  in  the  tests  by  which  these  effects  may  be  practically  ascertained,  it  seen 
e  philosophical  to  regard  ail  the  rays  as  of  one  species,  than  to  adopt  a 
)  hypothesis  which  classes  things  alike  in  all  their  leading  qualities,  under  differ- 
it  denominations.     It  is  not,  however,  necessary  to  assume  either  supposition,  i 
ir  to  adopt  it  as  the  basis  of  reasoning.     Experiment  is  the  sure  and  only  J 
J  guide  in  physics ;  and  whether  heat  be  obscure  and  imperceptible  light,  o 
i  distinct  physical  agent,  we  shall  regard  it  as  a  principle  attended  with  cert; 
5  sensible  effects,  capable  of  being  ascertained  by  experiment  or  observation,  a 
II  such  effects  and  such  only,  can  legitimate  inferences  be  drawn, 
i'he  heat  which  passes  from  a  body  by  radiation  has  a  tendency  to  cause 
j  temperature  to  fall ;  and,  the  rate  of  this  process  of  cooling,  is  propoitjonate 
[  to  the  difference  between  the  temperature  of  the  body  and  that  of  the  surround- 
ing medium,  when  this  difference  is  not  of  very  great  amount.     It  follows,  then, 
J  that  a  hot  body  at  first,  when  its  temperature  greatly  exceeds  that  of  the  s 
)  rounding  air,  cools  rapidly ;  but  as  its  temperature  falls,  and  approaches  nea 
J  10  equahty  with  the  temperature  of  the  medium  in  which  it  is  placed,  the  r 
j  at  which  it  cools  gradually  diminishes.     This  law  of  bodies  cooling  was  first  ! 
J  observed  by  Newton,  and  reduced  to  an  exact  mathematical  expression,  by  \ 
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which  the  rates  of  the  cooling  of  bodies  under  given  circumstances  mighi  be 
calculated  with  precision.     Numerous  experiments  have  been  made  on  the 
s  at  which  bodies  cool  in  media  of  lower  temperatures,  and  become  hot  in 
media  of  higher  temperatures  ;  and  the  results  of  observation  have  been  found 
to  have  a  very  exact  conformity  with  those  which  are  calculated  on  the  New- 
tonian law,  provided  the  difference  of  the  temperature  does  not  exceed  a  cer- 
ain  Umit. 
As  radiation  takes  place  altogether  from  the  points  of  a  body  which  are  on  or 
(  very  near  its  surface,  it  may  naturally  he  expected  thai  the  radiating  power  of 
".es  will  mainly  depend  on  the  nature  of  their  surfaces.     This  idea  suggested 
lir  John  Leslie  a  series  of  experiments  which  led  to  some  of  the  most  re- 
j  markable  discoveries  ever  made  respecting  the  radiation  of  heat.     In  these  ex- 
j  periments,  cubical  vessels,  or  canisters,  of  tin  were  employed,  the  side  of  which 
j  varied  from  three  inches  to  ten.     These  vessels  were  filled  with  hot  water  and 
{  placed  before  a  tin  reflector,  M,  fig.  7,  like  those  already  described,  in  the  focus 
j  /of  which  was  placed  the  focal  ball  of  a  difiorential  thermometer.     The  face 
j  of  the  canister  e  containing  water  being  presented  to  the  reflector,  rays  of  heat 
j  proceeded  directly  from  it,  and  striking  on  the  reflector  M  were  collected  into 
{  the  focus /on  the  ball  of  the  thermometer.     The  depression  of  the  liquid  in  the 
J  thermometer  furnished  a  measure  of  the  intensity  of  the  heat  radiated. 

Fig.  T. 


The  first  consequence  of  these  experiments  was  a  verification  of  the  law  al- 
eady  mentioned,  that,  other  things  being  the  same,  the  intensity  of  the  radia- 
tion was  always  proportional  to  the  difference  between  the  temperature  of  the  > 
water  and  the  temperature  of  the  air.  Thus  suppose,  the  temperature  of  the  J 
air  &eing  50°,  that  of  the  water  100°,  that  the  thermometer  fall  30° ;  then  if  \ 
the  temperature  of  the  air  were  the  same,  and  the  temperature  of  the  water  at  J 
150°,  the  thermometer  would  fall  40°  ;  and  again,  if  the  temperature  of  the  5 
water  were  200=^,  the  thermometer  would  fall  60^,  and  so  on. 

If,  while  the  temperature  of  the  water  remains  the  same,  the  canistei 
placed  successively  at  different  distances  from  the  reflector,  it  is  found  that  the  J 
tliermometer  is  differently  affected  :  and  that,  as  the  distance  of  the  radiating  < 
si'rface  from  the  reflector  is  increased,  the  intensity'  of  its  eifect  is  in  the  se 
proportion  diminished.  It  was  likewise  ascertained,  that  if  the  magnitudf 
the  radiating  surface  were  increased,  the  distance  remaining  the  same,  the 
tensity  of  the  radiation  would  be  in  the  direct  proportion  of  the  magnitude  of  j 
the  radiating  surface.  From  this  it  necessarily  follows,  that  if  the  magnitude  J 
of  the  radiating  surface  be  increased  in  the  same  proportion  as  the  distanci 
increased",  the  intensity  of  the  radiation  will  remain  the  same  ;  for  as  mucl 
gained  by  the  increased  magnitude  of  the  radiating  surface,  as  is  lost  by  the  X 
increased  distance  ;  and  accordingly  it  was  found  that  the  thermometer  i 
equally  affected  by  a  surface  of  double  magnitude  at  a  double  distance,  and  of  ( 
triple  magnitude  at  a  triple  distance. 

We  have  hitherto  supposed  that  the  face  of  the  canister  is  placed  parallel  t( 
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reflector,  so  that  the  rSys  of  heat  take  a  direction  perpendicular  to  the  ra- 
J  dialing  surface ;  but  if  each  point  of  the  surface  radiates  heat  in  all  possible 
\  directions,  it  will  follow  that  the  surface,  when  presented  obliquely  lo  the  mir- 
f,  will  still  affect  the  thermometer.  When  the  surface  of  the  canister  was 
!  presented  thus  obliquely,  the  effect  produced  oa  a  thermometer  was  found  to 
i  be  the  same  as  would  be  produced  by  a  surface  of  less  magnitude,  in  the  pro-  ■ 
I  portion  of  the  actual  magnitude  of  the  radiating  surface  to  that  of  its  projection, 
i  It  follows,  therefore,  that  the  more  inclined  the  radiating  surface  is  to  the  di-  > 

on  of  the  radiation,  the  less  will  be  the  intensity  of  the  radiation ;  but  i 
J  general  this  intensity  will  be  diminished,  in  the  proportion  of  the  actual  magni 
J  tude  of  the  radiating  surface  and  the  magnitude  of  its  orthographical  projection  j 
on  the  mirror. 

We  have  hitherto  supposed  the  nature  of  the  radiating  surface  to  remain  un- 
altered. The  effect  of  any  change  in  this,  however,  may  be  easily  ascertained 
by  covering  the  side  of  the  canister  with  the  different  substances  the  effect  of 
which  is  required.  Thus,  let  the  four  sides  of  the  canister  be  coated  with  dif- 
ferent substances — one  with  lampblack,  another  with  isinglass,  another  with 
china  ink,  and  a  fourth  left  uncovered,  and  therefore  presenting  a  surface  of 
polished  tin.  The  vessel  being  now  filled  with  hot  water,  a!l  the  surfaces  will 
acquire  the  same  temperature,  and  may  be  successively  presented  to  the  re- 
flector at  the  same  distance  ;  they  will  be  observed  to  produce  different  effects 
on  the  thermometer.  If  the  lampblack  depresses  the  liquid  100",  the  china 
ink  will  depress  it  88°,  the  isinglass  80'^,  and  the  tin  12°.  The  great  differ- 
ence in  the  radiating  power  produced  by  the  different  nature  of  the  surfaces 
will  be  hence  very  apparent. 

The  inquiries  of  Professor  Leslie  were  directed  to  this  point  with  great  ef- 
fect, and  he  found  that  various  substances  possessed  very  different  radiating 
powers.  In  general,  metallic  bodies  proved  to  be  the  most  feeble  radiators. 
The  following  table  exhibits  the  relative  power  of  radiation  of  different  sub- 
stances, as  exhibited  in  these  experiments  : — 


LEimpblack 

Water,  by  eslini! 
Writing-paper  . 

Crown  glsaa  . .  ■ 

.  Cbiaa  ink 

Ice 

Minium 


Isioglass SO 

Plnmbngo 75 

Tarnished  lead 45 

Mercury 20 

Clean  lead 19 

Iron  polished 15 

Tin-plate 12 

Gold,  silver,  copper 12 


When  the  substance  forming  the  radiating  surface  remains  of  the  same  na- 
ture, its  radiating  power  is  subject  to  considerable  elevation,  according  to  its 
state  with  respect  to  smoothness,  or  roughness.  In  general,  the  more  polished 
and  smooth  a  surface  is,  the  more  feeble  will  be  its  power  of  radiation.  Any- 
thing which  tarnishes  the  surface  of  metal  also  increases  its  radiating  power.  C 
In  the  preceding  table,  tarnished  lead  radiated  45"=,  while  clean  lead  radiated  J 
only  19°.  If  the  surface  of  a  body  be  rendered  rough  by  mechanical  means, 
such  as  scratching  with  a  file,  or  with  sand-paper,  the  radiating  power  is  in- 
creased. 

Leslie  also  proved  that  the  particles  forming  the  surface  of  a  body  are  not 
ihe  only  ones  which  radiate,  but  that  radiation  proceeds  from  particles  at  a  cer- 
tain small  depth  within  the  surface.  He  determined  this  curious  point  by  cov- 
ering one  side  of  a  vessel  containing  hot  water  with  a  thin  coating  of  jelly,  and 
putting  on  another  side  four  times  the  quantity.    In  each  case,  when  dried,  the  \ 
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j  jelly  formed  an  extremely  thin  film  on  the  surface.     Now,  alihougb  the  nature  ' 

1  of  ihese  two  surfaces  was  precisely  the  same  with  respect  to  material  and 

)  smoothness,  they  were  found  to  radiate  very  differently ;  the  thinner  film  de- 

i  pressed  the  thermometer  38°,  while  the  thicker  depressed  it  54°.     The  in- 

j  creased  radiation  must  in  this  case  be  attributed  to  the  increased  quantity  of 

i  radiating  material,'    The  increase  of  radiation  was  found  to  continue  until  the 

coating  amounted  to  the  thickness  of  about  lOOOlh  part  of  an  inch,  after  which 

i  no  further  increase  took  place.    It  might,  therefore,  be  inferred  that,  in  the  case 

J  of  the  surface  of  jelly,such  as  that  here  submitted  to  experiment,  the  particles 

I  radiate  heat  from  a  depth  below  the  surface  equal  to  the  lOOOth  part  of  an  inch. 

A  similar  effect  was  found  with  other  substances.    In  the  case  of  metals,  no 

5  increase  was  observed  when  leaf  metai  of  gold,  silver,  and  copper,  was  used ; 

lut  on  using  glass,  enamelled  with  gold,  a  slight  increase  of  radiating  power 

vas  produced,  as  compared  with  the  ordinary  radiating  power. 

In  these  experiments  the  heat  radiated  undergoes  three  distinct  physical  ef- 
ects:  1.  The  radiation  from  the  surface  of  the  canister;  2.  The  reflection 
1  from  the  surface  of  tho  reflector;  3.  Absorption  by  the  glass  surface  of  the 
!  focal  ball,  for  without  such  absorption  the  air  included  could  not  be  affected. 
'  Now,  of  these  three  effects,  we  have  hitherto  examined  but  one,  viz.,  the  radi- 
l  ating  power.  Let  us  consider  what  circumstances  affect  the  power  of  reflect- 
S  ing  heat,  and  the  power  of  absorbing  it. 

5  The  reflector  used  in  the  experiments  already  described  was  formed  of  pol- 
;  ished  tin.  If,  instead  of  this,  a  reflector  of  glass  be  osed,  it  will  be  found  that 
e  thermometer  will  be  affected  in  a  much  less  degree,  whence  we  infer  that 
_  iss4s  a  worse  reflector  than  metal.  If  the  surface  of  the  reflector  be  coated 
i  with  lampblack,  all  reflection  whatever  is  destroyed,  and  no  effect  is  produced 
a  the  thermometer.  Thus  it  appears  that,  as  different  surfaces  have  different 
(  radialing  powers,  so  aiso  they  ha/e  different  reflecting  powers ;  but  to  deter- 
■  le  the  reflecting  power  of  different  surfaces  with  great  exactness,  Leslie  re- 
(  ceived  the  rays  proceeding  from  the  reflector  M,  fig.  8,  on  a  flat  reflecting  sur- 


\  face,  S,  before  they  came  to  a  focus  ;  and  by  the  laws  of  leflection  they  were 
5  reflected  to  another  focus,/,  as  far  before  the  reflecting  surface  S  as  the  focus 
j  /,  to  which  they  would  have  proceeded  is  behind  it.  The  reflecting  power  of 
j  the  surface  S  will,  therefore,  be  determined  by  the  intensity  of  the  heat  in  the 
\  focus/',  compared  with  the  intensity  which  it  would  have  had  in  the  focus/, 
'  1  the  rays  been  allowed  to  converge  to  that  point.  By  experiments  con- 
ned in  this  way,  and  exposing  the  surfaces  of  different  substances  to  receive 
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Brass 100  Lead 

Silver 90  Tin-foil,  softened  with  tt 

Tin-Foil 85  Glass    

Block  tin 80  Glass,  coated  with  wax 

Sleel 70 

If  these  results  be  compared  with  the  table  of  radiating  powers  in  page  476, 
S  it  will  be  found  that,  generally,  those  substances  which  are  tho  bi 

worst  reflectors,  and  vice  Versa.  In  fact,  in  proportion  as  the  radiating 
J  power  is  increased,  the  reflecting  power  is  diminished.  This  analogy  is  fur- 
r  confirmed  by  the  fact,  that  the  reflecting  power  is  increased  by  every  in- 
ase  in  smoothness  or  polish  of  the  reflecting  surface  ;  while,  on  the  conira- 
(  ry,  this  cause,  as  we  have  seen,  diminishes  its  radiating  power.  The  effect 
j  of  coating  the  reflector  with  a  thin  film  of  jelly  or  other  substance  has,  in  con- 
(  formity  with  the  same  analogy,  exactly  a  contrary  effect  to  that  whicli  such  a 
!  coating  produced  on  radiation.  It  was  found  that,  as  the  thickness  of  the  coating 
}  increased  to  a  certain  limit,  the  intensity  of  the  radiation  was  likewise  increased. 
S  On  the  other  hand,  in  the  case  of  reflection,  the  intensity  of  the  reflection  is 
\  diminished  in.  proportion  as  the  thickness  of  the  coating  is  increased. 

Let  us  now  consider  the  effect  produced  on  the  focal  ball,  whicli  will  lead 
s  to  determine  the  different  powers  of  absorption  which  different  bodies  pos- 
ess.     In  all  the  experiments  to  which  we  have  hitherto  alluded,  the  focal  bail 
as  presented  a  polished  surface  of  glass,  and  the  effect  produced  on  a  ther- 
loraeler,  other  things  being  the  same,  has  depended  on  the  absorptive  power 
)  of  the  glass  over  the  heat  incident  upon  it.     When  radiant  heat  strikes  on  tlie 
J  surface  of  different  substances,  we  have  seen  that  a  portion  of  it  is  reflected, 
tnd  that  this  portion  varies  according  to  the  nature  of  the  substance  and  ac- 
i  cording  to  the  state  of  the  surface.     It  is  clear  that  all  that  portion  of  the  inci- 
t  which  is  not  reflected  must  be  absorbed  ;  and  we  are  led,  therefore, 
n  proportion  as  the  reflecting  power  of  a  sur- 
is  small,  and  vice  versa, 
it  of  experiment,  let  the  ball  of  a  thermome- 
las  found  to  be  one  of  the  best  reflectors. 
J  If  the  side  of  the  vessel  coated  with  lampblack,  while  the  focal  ball  is  covered 
(  with  tin-foil,  be  now  presented  to  the  reflector,  the  thermometer  will  only  indi- 
whereas  it  indicates  100°  when  the  surface  of  the  ball  was  uncovered, 
t  If  the  bright  side  of  a  canister  be  presented  to  the  reflector  when  the  focal  ball 
5  is  uncovered,  the  thermometer  ihdicates  12°  ;  but,  if  the  focal  ball  be  covered 
J  with  tin-foil,  it  will  indicate  only  2j°.     Thus  we  see  that  the  anticipation  of 
)  thewy  is  confirmed.     If  the  surface  of  the  tin-foil  be  rubbed  with  sand-paper, 
so  as  to  render  it  rough,  and  therefore  to  diminish  its  reflecting  power,  its  ab- 
sorbing power  will  be  increased,  and  the  effects  on  the  thermometer  will  be 
likewise  augmented.     Like  experiments  performed  on  other  bodies  lead  to  the 


i  by  analogy  to  the  inference  thai,  i 
"ace  is  great,  its  absorptive  powei 
To  bring  this  inference  to  the  U 
{  ter  be  coated  with  tin-foil,  which  v 


/  general  conclusion,  that  the  absorpti 
C  ing  power  decreases. 

e  the  radiating  power  of  a  surface  i 

j  it  follows,  also,  that  the  power  of  absorptic 

s  the  power  of  radiation.     In  reference 

\  bodies  are  denominated  transparent  or  opa 

light  is  said  to  be  Iransparent,  i 
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s  as  the  reflect- 
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i  inversely  as  its  reflecting  powe: 
1  is  always  in  the  same  proportio 
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!  perfectly  transparent,  while  others,  such  as  paper,  horn,  &c.,  are  im 
.0.     Analogy  leads  us  to  inquire  whether  bodies  are  also  pervious  to 

In  the  preceding  experiments,  rays  of  heat  passed  through  the  alinospher 

vhich  is  therefore,  transparent  to  heat.     It.  appears  from  the  experiments  of  < 

jeslie  and  others,  which  have  beeo  since  instituted,  that  all  gases  are  pervi- 

lus  to  the  rays  of  heat,  and  equally  so ;  for  the  radiation  of  a  given  suifac 

he  same  in  whatever  gas  it  takes  place. 

Gases,  therefore,  as  they  have  perfect  or  nearly  perfect  transparencies  for  j 

(  the  rays  of  light,  have  the  same  quality  in  reference  to  the  rays  of  heat.    A  hot  } 

?  body  placed  behind  a  solid  or  a  liquid  is  found,  however,  not  to  radiate  sensibly  J 

j  through  them.     But  the  most  direct  method  of  determining  the  transparency  of  ) 
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1  a  screen  before  the  radiating  surface,  all  effect  on  the  thermometer  v 
royed,  and  all  the  radiant  heat  intercepted.     This  is  easily  accounted  for  by  } 
)  the  perfect  power  of  reflection  which  the  coating  of  tinfoil  possesses.    The  he 
J  incident  on  the  surface  of  tinfoil  is  nearly  all  reflecled  ;  and,  conseqnently,  i 


Hosted  by 


Google 


■whi  h  dff 


1    R 


ph 


isible  quantity 
led   surfaces  . 
)  the  radiant  heat 

o  be  18°      Thus 
n  m      d      In  f  ly 

p  n        f    1       -w  th    h         fib 
n      d  1  y     pan      f    n  d  gl 

fi      nf  1 1  p  w        f      fl 

i    p       d  h        1  a  m  d  f  gl 

ad    f     il      n     le  m 

Th     d       f  g       g  h 

It  body  produce  on  the  po\        t  h. 
}  ferent  substances,  does  not  s    m      h 
(  Later  experiments,  instituted  by  M  d 
j  orific  rays  to  penetrate  bodie 
5  This  heat  radiating  from  a       1 
)  ^lass,  except  in  a  very  limit  d  d  gr 
(  bly  elevated  in  its  tempera  h 

}  greater  quantities.     In  fact,  li    d  g 
(  the  rays  of  heat  would  seem        d  p 
}  body,  and  to  increase  with  th        mp 
The  results  of  the  preced    g      p 
connected  with  the  radiation    f  h 
of  exchanges,  first  proposed  by  P 
)  every  point  at  and  near  the        f 

which  rays  of  heat  diverge 
I  heat  incident  upon  them,  in 

)  body,  and  reflected  or  radiated  by  the  other  bodies  around.     Thus  every  body, 
j  80  far  as  regards  heat,  is  constantly  under  the  operation  of  three  distinct  p 
!  cesses — it  radiates,  reflects,  and  absorbs:  it  follows,  from  this,  that  bel^e 
j  bodies  which  are  placed  in  each  other's  neighborhood,  there  must  be  j 
j  interchange  of  heat.     The  heat  which  is  radiated  by  one  body  striken  on  olh- 
j  ers;  part  of  it  is  absorbed  by  ihem,  and  is  retained  within  their  di(n*ij=ions  so 
J  as  to  raise  their  temperature,  while  another  part  is  r  fl      ed  and        k  s  on 
J  other  bodies,  where  it  is  subject  to  like  etTects.     Tl  e  b  dj  wn    1     ad 
1  heat  in  this  manner  is,  at  the  same  time,  receiving  on  i      u  f        rajs  of  h 
(  which  proceed  from  other  bodies  in  its  neighborhood  ;  a  d  1     e   a        f  h 
i  are  subject  to  the  same  eflects  on  its  surface  as  the      y       1    b  p  o      d    g 
j  from  it,  encounter  on  the  surface  of  other  bodies- — they  a     pa    j    b  o  bed  and 
)  partly  reflected. 

If  a"body  raised  te  a  high  temperature  be  placed  in  the  neighborhood  of  other 

lodies  at  a  lower  temperature,  it  will  radiate  a  greater  quantity  of  heat  than  the 

jodies  which  surround  it ;  consequently  the  heal  which  it  receives  from  them 

i  will  be  less  than  the  heat  which  il  transmits  to  them.    Tiiey  will  receive  more 

<  heat  than  they  give,  and  it  will  give  more  heal  than  it  receives  ;  the  temperature, 

)  therefore,  of  the  hot  body,  will  gradually  fall,  while  the  temperature  of  the  sur- 

(  rounding  bodies  will  gradually  rise.    This  will  continue  until  the  temperaturna 

>  of  the  bodies  are  equalized.     Then  the  heat  radiated  by  each  of  ihem  will  be 

ixactly  equal  to  the  heat  absorbed,  and  the  temperature  will  remain  stationary. 

It  has  appeared  from  the  result  of  direct  experiments,  that  the  bodies  which 

ire  the  best  radiators  are  also  the  best  absorbers  of  heat.     This  would  follow 

s  a  necessary  consequence  of  the  theory  which  has  been  just  explained.     If 

a  body  which  is  a  powerful  radiator  were  at  the  same  time  a  bad  absorber,  the 

)  consequence  would  be  that  is  would  radiate  heat  faster  than  it  would  absorb  il ; 
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consequently  its  temperature  would  contimially  fall,  and  this  depression  of  j 
temperature  would  continue  without  any  limit.  Now  this  is  not  supported  by  i 
ohservation.  It  therefore  follows,  as  a  necessary  consequence,  that  the  power  ( 
of  radiation  in  every  body  must  be  equal  to  its  power  of  absorption. 

It  has  likewise  appeared  that  the  best  reflectors  are  the  worst  radiatfli 
This  effect  might  likewise  be  foreseen  on  the  principle  of  the  theory  just  e 
plained.  A  good  reflector  is  a  body  which  reflects  the  principal  part  of  the  < 
rays  of  heat  which  strike  upon  it.  Now  the  heat  which  is  incident  on  a  bodj  S 
must  be  either  reflected  or  absorbed,  and  whatever  portion  of  it  is  not  »flected  I 
must  be  absorbed.  If,  therefore,  a  great  part  be  reflected,  a  proportionally  1 
small  part  remains  to  be  absorbed ;  consequently  it  follows,  that  in  the  same  j 
proportion  as  a  body  is  a  good  reflector  it  must  be  a  bad  absorber ;  and,  u 
if  it  be  a  bad  reflector,  it  must  in  proportion  be  a  good  absorber.  But  it  neces-  j 
sarily  follows,  if  a  body  be  a  powerful  absorber  of  heat,  that  it  must  also  b 
powerful  radiator  of  heat,  for  otherwise  its  temperature  would  rise  inSnitely  by  j 
the  hoat  which  it  absorbs  accumulating  in  it,  and  not  being  carried  off  by  radi- 
ation. A  good  reflector,  therefore,  will  be  a  bad  radiator,  and  mci:  vnrsa.  In 
the  experiments  of  Leslie  with  the  concave  reflector,  our  attention  was  only  ) 
directed  to  the  radiation  of  the  hot  surface,  and  we  considered  only  the  rays  j 
which,  proceeding  from  it,  were  collected  on  the  bulb  of  a  thermometer  by  the  S 
concave  reflector.  It  might  appear  to  follow,  from  an  extension  of  this  experi- 
ment, that  bodies  radiate  cold  as  weU  as  heat.  Let  one  of  the  cubical  vessels  j 
used  by  Leslie  in  his  experiment  be  filled  with  snow,  and  placed  before  a 
fleclor.  Immediately  the  focal  ball  of  the  differential  thermometer  placei 
the  focus  will  exhibit  a  rapid  depression  of  temperature.  Are  we,  therefore,  to  ' 
suppose  in.this  case  that  rays  of  cold  proceed  from  sides  of  the  vessel,  and  are  i 
collected  on  the  ball  of  the  thermometer  1  On  the  contrary,  it  has  appeared  < 
from  previous  investigation,  that  ho  body  is  perfectly  destitute  of  heat,  and  that  ) 
snow  itself,  as  well  as  mixtures  much  colder  than  it,  are  capable  of  imparting  ( 
heat  to  other  bodies,  and  therefore  possess  heat  in  them.  The  surface,  there-  S 
fore,  of  a  vessel  containing  snow,  in  this  case  radiates  heat,  and  these  rays  of  S 
heat  are  collected  oa  the  bulb  of  the  thermometer  in  the  same  manner  as  when  j 
that  vessel  was  filled  with  boiling  water.  The  bidb  of  the  thermometer,  how-  J 
ever,  itself,  like  all  other  bodies,  radiates  heat,  and  this  heat  is  reflected  by  the  ? 
concave  reflector  toward  the  surface  of  the  vessel  containing  the  snow.  The  J 
two  bodies,  therefore,  are  radiating  heat  toward  each  other  ;  but  the  bulb  of  the  j 
thermometer  having  the  higher  temperature,  radiates  more  heal  than  it  re-  j 
ceives,  while  the  surface  of  the  vessel,  containing  the  snow  receives  more  heat  / 
than  it  radiates.  The  thermometer,  therefore,  gradually  falls  in  its  tempera-  S 
ture,  while  the  vessel  containing  the  snow  gradually  rises.  ? 

In  the  experiment  with  the  concave  reflector  already  described,  the  hot  J 
body  placed  in  one  focus,  and  the  bulb  of  the  thermometer  placed  in  the  other,  / 
are  both  radiators  and  absorbers  of  heat ;  the  hot  body  radiates  heat  to  the  ( 
bulb,  and  the  bulb  radiates  heat  to  it.     The  hot  body  absorbs  the  heat  which  J 
is  radiated  by  the  bulb,  and  the  bulb  absorbs  the  heat  radiated  by  the  hot  body.  ( 
But  the  hot  body,  radiating  more  heat  than  the  bulb,  necessarily  absorbs  less,  ' 
consequently  the  temperature  of  this  body  gradually  falls,  while  that  of  the  / 
bulb  of  the  thermometer  rises.     Let  us  now  suppose  that  instead  of  a  hot  body, 
a  globe  of  snow  be  placed  in  the  focus  of  the  reflector,  the  bulb  of  the  ihermom- 
eler  having  a  higher  temperature,  will  radiate  more  heat  than  it  receives  from  J 
the  snow,  and  it  will  become  a  hot  body  relatively  to  the 
fore,  it  radiates  more  heat  than  it  absorbs,  its  temperature  will  fall  until 
comes  equal  to  that  of  the  snow ;  the  interchange  of  heat  being  then  equal,  i 
further  alteration  in  temperature  will  take  place. 


I  (osted  by 


Google 


1  ph 
pi     f  \ 


f  bl    k  p 
1  f     h 
a  h  Iq   d 


h     h    d      b     h 


f   h 
E    1    d 


Ap  1    h  d 


f     d  11  b 


1 


if  b  il  d  fF         11     f 

dplhdf        fbll       d  11        hmk        d 

)  which  It  IS  exposed  from  the  action  of  the  fire.     ^Vhen  coated  with  this,  its 
J  surface  becomes  rough  and  black,  and  is  a  powerful  radiator  of  heat. 

A  set  of  polished  fire-irons  may  remain  for  a  long  time  in  front  of  a  hot  fire 
5  without  recaiving  from  it  any  increase  of  temperature  beyond  that  of  the  cham- 
f  ber,  because  the  heat  radiated  fay  the  fire  is  all  reflected  by  the  polished  sur- 
J  face  of  the  irons,  and  none  of  it  is  absorbed  ;  but  if  a  set  of  rough,  unpolished 
J  similarly  placed,  they  would  speedily  become  hot,  so  that  they 
J  could  not  be  used  without  inconvenience.  The  polish  of  fire-irons  is,  there- 
\  fore,  not  merely  a  matter  of  ornament,  but  of  use  and  convenience.  The  rough, 
lished  poker,  sometimes  used  in  a  kitchen,  soon  becomes  so  hot  that  it 
lot  be  held  without  pain. 

close  stove,  intended  to  warm  an  apartment,  should  not  have  a  polished 
5  surface,  for  in  that  case  it  is  one  of  the  worst  radiators  of  heat,  and  nothing 
)  could  be  contrived  more  unfit  for  the  purpose  to  which  it  is  applied.  On  the 
(  other  hand,  a  rough  unpolished  surface  of  cast-iron  is  favorable  to  radiation, 
f  and  a  fire  ia  such  a  stove  will  always  produce  a  more  powerful  effect. 

metal  helmet  and  cuitas,  worn  by  some  regiments  of  cavalry,  is  a 
S  cooler  dress  than  might  be  at  first  imagined.  The  polished  metal  being  a 
j  nearly  perfect  reflector  of  heat,  throws  off  the  rays  of  the  sun  and  is  incapable 

mp  I        mp  mil 
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)  -moisture  in  ilie  morning.     If  tho  temperature  of  tlie  external  air  b 
V  the  freezing  point,  this  deposition  will  form  a  tough  coating  of 
ne.     Let  a  small  piece  of  tin-foil  be  fixed  on  a  pan  of  the  exterior  surface 
one  pane  of  the  window  in  the  evening,  and  let  another  piece  of  tin-foil  bi 

}  fixed  on  a  part  of  the  interior  surface  of  another  pane.     In  the  morning  it 

<  he  fouiid  that  that  part  of  the  interior  surface  which  is  opposite  to  the  external 
)  foil  win  he  nearly  free  from  ice,  while  every  other  part  of  the  same  pane  will 

<  be  thickly  covered  with  it.  On  the  contrary,  it  will  be  found  that  the  smface 
)  of  the  internal  tin-foil  will  be  more  thickly  covered  with  ice  than  any  other  part 
(  of  the  glass.  These  eff"ecls  are  easily  explained  by  the  principle  of  radiation. 
)  When  file  tin-foil  is  placed  on  the  exterior  surface,  it  reflects  the  heat  which 

<  strikes  on  the  exterior  surface,  and  protects  that  part  of  the  glass  which 
I  covered  from  its  action.     The  heat  radiated  from  the  objects  in  the  toom 

striking  on  the  surface  of  the  glass,  penetrates  it,  and  encountering  the  tin-foil 
)  attached  to  the  exterior  surface,  is  reflected  by  it  through  the  dimensions  of 

<  the  glass,  and  its  escape  into  the  exterior  atmosphere  is  intercepted ;  the  por- 
i  of  the  glass,  therefore,  covered  by  the  tin-foil,  is  in  this  case  subject  to 

action  of  the  heal  radiated  from  the  chamber,  but  protected  from  the  action 

;  of  the  external  heat.     The  temperature  of  that  part  of  the  glass  is  therefore 

(  less  depressed  by  the  effects  of  the  external  atmosphere  than  the  temperature 

S  of  those  paits  which  are  not  covered  hy  the  tin-foil.     Now,  glass  being,  as 

i  will  appear  hereafter,  a  had  conductor  of  heat  the  temperature  of  that  part  op- 

;  posite  to  the  tin-foil  does  nonidlyff        h        md        fhp 

'   consequently  we  find  th     wh  1     1         m      d        f  h  n  f         f 

pane  is  thickly  covered  i    h  1     P  ppo         1  1  m 

J  paratively  free  from  it.     On    h  rv    wh        h  I    1       pi 

internal  surface,  it  reflects  p         f  Uy  h    h  di     d  f 

the  room,  while  it  admits  thr    gh  1     d  m  f   h     ^ 

ceeding  from  the  external  at       ph  Th    p  rt  t    h     gl         h      f 

covered  by  the  tin-foil,  becom         Id       hn      yh      p         fhp 

the  tin-foil  itself  receives  th        m       mp  wh    h  d       d  b 

effect  of  the  radiation  of  objects       hoob  h         fl        Ifag 

reflector  of  heat,  and  a  bad  absorher.     Hence  the  tm-ioil  presents  a  colder  s 

face  to  the  atmosphere  of  the  room  than  any  other  part  of  the  surface  of  the  i 

pane,  and  consequently  receives  a  more  abundant  deposition  of  ice. 

If  a  body,  which  is  a  good  radiator  of  heat,  be  deposed  in  a  situation  where  j 
other  good  radiators  are  not  present,  it  will  have  a  tendency  to  fall  in  its  tempe-  , 
rature  below  the  temperature  of  the  surrounding  medium ;  because,  in  this  case,  ' 
while  it  loses  heal  by  its  own  radiation,  its  absorbing  power  is  not  satisfied  by  J 
a  corresponding  supply  of  heat  from  other  objects.  A  clear  sky,  in  the  ab 
sence  of  the  sun,  has  scarcely  any  sensible  radiation  of  heat ;  if,  therefore,  i 
good  radiator  be  exposed  to  the  aspect  of  an  unclouded  firmament  at  night,  it  i 
will  lose  heat  considerably  by  its  own  radiation,  and  will  receive  no  corres-  J 
ponding,  portion  from  the  radiation  of  the  firmament  to  repair  this  loss,  and  its  J 
temperature  consequently  will  fall. 

A  curious  experiment  made  by  Dufay  affords  a  striking  illustration  of  i, 
fact.     He  exposed  a  glass  cup,  placed  in  a  silver  basin,  to  the  atmosphere  < 
ring  a  cold  night,  and  he  found  in  the  morning  a  copious  deposition  of  moisti 
on  the  glass,  while  the  silver  vessel  remained  perfectly  drj'.    He  next  reversed  \ 
the  experiment,  and  exposed  a  silver  cup  in  a  glass  basin.     The  result  » 
same  ;  the  glass  was  still  covered  with  moisture,  and  the  metal  free  from  it.  \ 
Now  metal  is  a  bad  radiator  of  heat,  and  consequently  has  a  tendency  to  pre- 
serve its  temperature.     Glass  is  a  much  better  radiator,  and  Ijas  therefore  a 
tendency  to  lose  its  temperature.     These  vessels  being  exposed  to  the  aspect  J 


bj 


I  losted  by 


Google 


of  3  clear  sky,  received  no  considerable  rays  of  heat  lo  supply  the  loss  s 
lained  by  their  radiation.  This  loss  in  the  metal  was  inconsiderable,  and  J 
therefore  it  maintained  its  temperature  nearly  or  altogether  equal  to  that  of  the  ? 
air ;  the  glass,  however,  radiating  more  abundantly,  and  absorbing  little,  suf-  ' 
fers  a  depression  of  temperature.  The  glass,  therefore,  presented  a  cold  sur-  . 
face  to  the  air  contiguous  to  it,  and  reduced  the  temperature  of  that  air,  until  it  > 
attained  that  temperature  at  which  it  was  below  a  state  of  saturation  with  n 


sped  to  the  vapor  with  which  it 
took  place  on  the  glass. 

This  discovery  of  Dufay  rem 
Wells  was  directed  lo  the  subji 
covery  of  the  cause  of  the  phe 
beautiful  instances  of  inductive 


a  of  vapor,  therefore, 


barren  fact  until  the  attention  of  Dr. 
;e  result  of  his  inquiries  was  the  dis-  I 
of  dew,  and  affords  one  of  the  most 
J  which  any  part  of  the  history  of  phys- 
ical discovery  has  presented.     Dr.  Wells  argued  that,  as  a  clear  and  cloudless  j 
sky  radiates  little  or  no  heat  toward  the  surface  of  the  earth,  ail  objects  place 
on  the  surface  which  are  good  radiators  must  necessarily  fall  in  temperatui 
during  the  night,  if  (hey  he  in  a  situation  in  which  they  are  not  exposed  to  th 
radiation  of  other  objects  in  their  neighborhood.     Grass  and  other  products  o 
vegetation  are,  in  genera!,  good  radiators  of  heat.     The  vegetation  which  coi 
ers  the  surface  of  the  ground  in  an  open,  champaign  country,  on  a  clear  night,  > 
will  therefore  undergo  a  depression  of  temperature,  because  it  will  absorb  leas  ( 
heat  than  it  radiates.    This  fact  was  ascertained  by  direct  experiment,  both  by  i 
Dr.  Wells  and  Mr.  Six.    A  thermometer,  laid  on  a  grass  plot  on  a  clear  night,  ' 
was  observed  to  sink  even  so  much  as  20°  below  another  thermometer  i 
pended  at  some  height  above  the  ground.    The  vegetables,  which  thus  acquire  j 
a  lower  temperature  than  the  atmosphere,  reduce  the  air  immediately  contigu- 
ous to  them  to  a  temperature  below  saturation,  and  a  proportionally  copious 
condensation  of  vapor  takes  place,  and  a  deposition  of  dew  is  formed  on  the 
leaves  and  flowers  of  all  vegetables.     In  fact,  every  object,  in  proportion  as  it 
is  a  good  radiator,  receives  a  deposition  of  moisture.     On  the  other  hand,  ob- 
jects which  are  bad  radiators  are  observed  to  be  free  from  it.     Blades  of  grass 
sustain  large,  pellucid  dew-drops,  while  the  naked  soil  in  their  neighborhood  is 
free  from  liem. 

In  the  close  and  sheltered  stre.ets  of  cities  the  deposition  of  dew  is  very  rare- 
ly observed,  because  there  the  objects  are  necessarily  exposed  to  each  other's 
radiation,  and  an  interchange  of  heat  takes  place  which  maintains  them  at  a 
temperature  uniform  with  that  of  the  air.  A  deposition  of  dew,  in  this  case, 
can  only  take  place  when  the  natural  temperature  of  the  air  falls  below  its  point  > 
of  saturation. 

In  an  obscure,  cloudy  night  no  deposition  of  dew  takes  place,  because  in 
case,  although  the  vegetable  productions  radiate  heat  as  powerfully  as  before,  ! 
yet  the  clouds  are  also  radiators,  and  they  transmit  heat,  which,  being  absorbed  j 
by  the  vegetables,  their  temperature  is  prevented  from  sinking  much  below  that  ( 
of  the  atmosphere. 


Hosted  by 


Google 


lETEORIC  STONES  &  SHOOTING  STARS, 


iclive  Method. — Appearsnces  accompanying'  Meleorili 
jnof  these  Theories.— ShoiilingSlara.—Noyember  and 
-Ch.Qdni'B  Hjpothesia. 


I  losted  by 


Google 


Hosted  by 


Google 


!  METEORIC  STOIES  &  SHOOTING  STARS. 


When  we  reflect  upon  ihe  length  of  time  which  has  elapsed  since  just  ? 
J  methods  of  investigating  nature  weie  first  formally  taught  by  Bacon,  we 
J  not  fail  to  be  struck  with  surprise  at  witnessing  the  frequency  with  which  th 
)  inestimable  precepts  are  neglected  and  overlooked.  There  appears  to  be  a  dia-  J 
J  position  inherent  in  the  mind — springing  probably  from  that  arrogance  and  vanity,  > 

which  are  invariably  the  offspring  of  ignorance — that  indnces  a  disposition,  i 

K  every  case,  precipitately  to  rush  to  the  formation  of  theories  and  the  assump- 

of  causes,  omitting,  or  postponing,  the  far  more  important  though  less  ambi-  S 

s  duty  of  analyzing  phenomena.     It  is  true  that  these  observations  are  leas  { 

)  applicable  to  that  order  of  minds  which  have  been  disciplined  in  the  severe  J 

schools  of  the  old  and  long- established  universities,  where  the  works  of  Bacon,  ( 

and  the  mathematical  classics  of  Newton  and  Laplace,  are  studied  with  > 

a  zeal  and  perseverance  which  do  not  fail  to  infuse  their  spirit  into  the  minds  j 

)  of  their  aspiring  successors.     But  in  the  much  larger  class  of  half-disciplined  ) 

ir  self-taught  aspirants  to  scientific  rank,  the  disposition  we  refer  to  frequently  i 

xists,  and  to  a  proportionate  extent  retards  their  progress,  and  impairs 

S  value  of  their  labors. 

The  public  teacher  should,  therefore,  omit  no  proper  opportunity  of  incul- 

}  eating  the  true  spirit  of  the  inductive  philosophy,  which,  in  our  day,  has  afforded  C 

0  rich  a  harvest  of  discovery.     I  shall  avail  myself  of  the  opportunity  which  ) 

tie  consideration  of  aerolites  offers,  to  afford  you  an  example  of  ihe  rigorous  { 

I  observance  of  the  canons  of  Bacon's  philosophy  in  the  investigation  of  nature,     J 

Every  one  possessed  of  the  smallest  amount  of  the  current  information  of  I 

7  the  day,  imagines  that  he<knows  what  meteoric  stones  are.     He  knows  that  ) 

\  they  fall  from  the  air,  and  that  they  are  accompanied  by  fire  and  noise.     With  ( 

S  this  amount  of  information  he  unhesitatingly  sets  about  to  conjecture  their  origin,  S 

"  to  get  up  a  theory  to  explain  them.  As  might  be  expected,  the  theory  pro- 
\  duced  under  such  circumstances  is  always  crude  and  absurd,  and  falls  to  pieces 
J  upon  the  slightest  comparison  with  the  phenomena. 
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Wh           y  d           plained  phenomenon  offers  itself  to  owr  inqniry,  the  f 

ii      d         f  h  is  to  inform  himself,  with  the  most  scrupulous  ac-  ! 

y     f   11  h  ces,  however  minute,  which  accompany  it ;  and  if  J 

p        b    rv  n  wer  all  circumstantial  inquiries  which  his  under-  \ 

d    g  gg                 essary,  he  must  patiently  wait  the  recurrenct 

1  k    ph       ra  d  d  1  g  ntly  observe  it.     When  he  shall  have  thus  collect-  ! 

d     )1    h  m               h  t  can  be  imagined  to  throw  light  on  its  orij 

11    h           d  1    h  n,  be  in  a  condition  to  justify  an  inquiry  ii 

L  h      wh         cumstancea  attending  the  appearance  of  meteorites  ( 

past  observation  has  supplied.  ""'■ 

It  is  agreed  by  all  observers,  in  every  part  of  the  earth,  that  these  r 
manifest  themselves  by  the  appearance  of  a  stream  of  light,  passing  with  great  j 
velocity  through  the  firmament ;  after  which  an  explosion  usually  takes  place, 
so  loud  that  windows  and  doors,  and  even  buildings  themselves,  are  some- 
times shaken  as  if  by  an  earthqu^e. 

The  phenomenon  is  sometimes  called  ball-li^ktmng,  a  term  which  is  liable 
to  the  objection  that  it  implies  an  analogy,  or  identity  of  origin,  between  these  ( 
meteors  and  common  lightning ;  which  not  only  is  not  proved,  but  is  attended  J 
with  no  probability. 

The  luminous  appearance  and  subsequent  explosion  attending  these  mete 
was  long  known ;  the  fact,  however,  that  heavy  substances,  now  called  mi 
oric  stones,  were  projected  upon  the  surface  of  the  earth  at  the  same  time,  \ 
not  ciearly  proved  or  generally  admitted  until  the  present  century.  Abundant  \ 
evidence,  however,  has  been  supplied,  by  the  vigiiance  and  zeal  of  contempo- 
raneous philosophers,  of  the  reality  of  these  deposites.  Chladni,  in  his  work  J 
on  this  subject,  has  supplied  an  extensive  chronological  catalogue  of  the  mete-  ( 
oric  stones  whose  falls  have  been  recorded  in  different  parts  of  the  earth,  which  i 
supplies  examples  of  these  phenomena  occurring  in  various  parts  of  the  world  ) 
several  times  in  each  year  of  the  present  century.  ■ 

The  fact,  then,  may  be  regarded  as  conclusively  established,  that  masses  of  i 
stony  matter,  of  various  size  and  magnitude,  and  often  of  very  considerable 
weight,  are  frequently  seen  passing  athwart  the  heavens,  with  great  apparent  i 
velocity,  which  are   afterward  precipitated  upon  the  earth  with  extraordinary  ( 

The  second  circumstance  I  shall  mention  as  worthy  of  attention  is 
>  bodies  rarely  strike  the  surface  of  th  had 

<  nearly  so.     They  generally,  on  the  o  1      h    d       m 
)  lique  to  the  plane  of  the  horizon.     It  m     b       k  d  h  » 
i  they  strike  the  earth  can  be  ascertai     d       1         1   y 
happens  at  the  moment  of  iheir  fall.      T      h     I         w 
I  rendered  manifest  by  the  manner  in     h    h    h  y  p 
J  ground^which  they  always  do,  and  to     d  p  h 

The  velocity  of  their  motion  when    h  y  1 

Mimstance  of  much  importance.     Thi        I      j        d 
ion  on  their  movement  while  visible        w  II        by 
)  which  they  struck  the  ground  from  the  depth  to  which  they  penetrated, 
't  is  accordingly  found  by  means  of  such  observations,  that  the  velocitie 
ie  bodies  belong  to  the  kind  of  motions  which«characlerize  the  bodie 
(  the  solar  system,  and  such  as  are  never  witnessed  upon  the  surface  of  the  earth.  { 
I  They  are  velocities  which  could  not  be  imagined  to  be  imparted  by  the  earth's 
!  gravitation  to  any  masses  attracted  from  points  within  the  limits  of  the  atmo- 

On  examining  the  physical  condition,  and  analyzing  the  constituents  of  the 
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fses  thus  precipitated,  several  circumslances  worthy  to  be  noted  are  pra- 
ted.    It  is  found  that  their  surfaces  are  generally  black,  having  a  burnt  ap- 
rance  ;  but  the  most  remarkable  circumstance  attending  them  ia,  tlial  aX  what- 
t  time,  or  in  whatever  part  of  the  earth  they  may  have  fallen,  they  generally  J 
1  con.^ist  of  the  same  constituent  parts,  and  always  very  nearly  in  the  same  pro-  ) 
i  portion.    Their  ingredients  are  silex,  magnesia,  sulphur,  iron,  nickel,  and  chro-  ) 
11.     Tliere  is  occasionally,  but  not  invariably,  a  trace  of  charcoal, 
is  important  to  observe  here,  that  the  iron  and  nickel  found  in  these  bodies  } 
S  are  always  in  the  metallic  form — a  state  in  which  they  are  never  known  to 
!  ist  naturally  on  the  surface  of  the  earth.     These  metals,  when  found  in 
J  earth,  are  invariably  combined  with  oxygen,  and  it  is  their  oxides  only  which  I 
I  liave  a  place  among  natural  terrestrial  substances.     The  iron  and  nickel  used  ) 
a  the  arts  are  obiamed  by  the  decomposition  of  the  ores  in  the  process  of  met-  ( 
J   allurgy.  , 

The  distances  from  the  earth  at  which  these  meteors  pass  when  they  a 
j  visible  has  been  ascertained  with  a  tolerable  degree  of  approximation,  by  ob- 
/  serving  the  length  and  position  of  their  visible  course  at  the  same  time  from  two  \ 
<  distant  places.     1:  has  been  found  by  these  means  that  they  are  frequently  vi 
!  ble  at  the  height  of  from  30  to  40  miles.     This  is  generally  considered  as  i 
5  limit  of  the  height  of  the  atmosphere. 

Such  are  the  circumstances  attending  the  exhibition  of  these  meteors,  which  ( 
lave  been  collected  from  careful  and  accurate  information.     Let  us  now  tur 
lur  attention  to  the  different  methods  by  which  it  has  been  attempted  to  expiai 
(  them.     Three  different  hypotheses,  or  theories,  have  been  proposed  for  this  J 

(  First. — It  is  supposed  that  the  matter  composing  them  has  been  drawn  up  i 
(  from  the  surface  of  the  earth  in  a  state  of  infinitely  minute  subdivision,  as  va-  ( 
r  is  drawn  from  liquids  ;  that,  being  collected  in  clouds  in  the  higher  regions  J 
the  atmosphere,  it  is  there  agglomerated  and  consolidated  in  masses, 
j  falls  by  its  gravity  to  the  surface  of  the  earth ;  being  occasionally  drawn  from  i 
j  the  vertical  direction  which  would  be  imparted  to  it  by  gravity,  by  the  effect  of  j 

osphetic  currents,  and  thus  occasionally  striking  the  earth  obliquely. 
(  shall  call  this  the  atmospheric  hypothesis. 

Secondly. — It  is  supposed  that  meteoric  stones  are  ejected  from  volcan 
5  with  sufficient  force  to  carry  them  to  great  elevations  in  the  atmosphere 
J  falling  from  which  they  acquire  the  velocity  and  force  with  which  they  strike  \ 
\  the  earth.  The  cblique  direction  with  which  they  strike  the  ground  is 
J  plained  by  the  supposition  that  they  may  be  projected  from  the  volcanoei 
j  corresponding  obliquities,  and  that,  by  tiie  principles  of  projectiles,  they  n 
J  strike  the  earth  at  nearly  the  same  inclination  as  that  with  which  they  have  S 
)  been  ejected.     This  we  shall  call  the  volcanic  hypothesis. 

Thirdly. — It  has  been  supposed  that  these  bodies  are  not  either  terrestrial  oi 

atmospheric,  but  belonging  to  the  solar  system ;  and  that  their  origin  is  tht 

same  as  that  which  has  produced  the  small  planets  which  have  been  discovered  J 

\  moving  between  the  orbits  of  Mars  and  Jupiter. 

This  theory  supposes  that,  at  some  former  epoch,  the  solar  system  possessed  5 

a  planet  which  revolved  round  the  sun  at  the  distance  of  two  hundred  and  fifty  J 

j  millions  of  miles ;  a  supposition  which  is  rendered  highly  probable,  if  not  i 

\  ally  certain,  by  reasons  which  are  fully  detailed  in  my  discourse  on  the  : 

'   lets.     The  catastrophe  by  which  this  fofmer  planet  was  broken  into  pieces  5 

mpposed  to  have  been  produced,  eiiherby  internal  explosion  (from  some  < 

{  cause  similar  to  that  which  produces  on  the  earth  volcanoes  and  earthquakes),  ) 

ir  by  the  collision  of  a  comet.     It  is  supposed  that  the  new  planets  are  not 
j  oniy  fragments  which  resulted,  but  that  innumerable  smaller  pieces  may  have  ) 
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(  been  scattered  about  the  system,  which,  i 

e  been  subject  lo  disturbing  causes  that  have  occasionally  brought  thera  J 
the  earth,  that  tbey  have  been  drawn  by  its  attraction  within  the  limits 
J  of  the  atmosphere,  and  have  ultimately,  by  the  resistance  of  that  fluid,  fallen 
J  upon  the  earth.     We  shall  call  this  the  planelart/  hypothesis. 
[       Fourthly. — It  has  been  suggested  by  Laplace,  that  meteoric  stones  may  be 
(  substances  ejected  from  lunar  volcanoes,  either  now  or  formerly  in  active  opera- 
\  tion.    He  has  proved  that  no  very  improbable  amount  of  mechanical  force  would  ) 
be  sufficient  to  produce  auch  an  effect,  since  there  is  rio  atmosphere  around  the  \ 
\  moon,  or,  at  least,  none  that  could  be  sufficient  to  offer  a  sensible  resistance  to  ', 

\  solid  body.  The  force,  therefore,  that  would  be  required  is 
S  only  that  which  would  be  sufficient  to  overcome  the  moon's  attraction,  which  is  ', 
<  found  by  calculation  to  bo  about  four  times  the  force  with  which  a  ball  is  ex- 
)  pelled  from  a  cannog.  with  the  ordinary  charge  of  gunpowder.  A  body  pro- 
J  jected  toward  the  earth,  with  the  velocity  of  about  eight  thousand  feet  per  sec- 
\  ond  from  the  lun&r  surface,  would  rise  to  such  a  height  that  it  would  arrive  at 

1  point  between  the  earth  and  moon  where  the  attraction  of  the  earth  would  J 
\  .predominate  and  prevent  its  return.  It  would,  consequently,  continue  to  move  ) 
J  toward  the  earth  with  accelerated  speed,  and,  arriving  within  the  limits  of  the  J 
)  atmosphere,  would  necessarily  reach  the  surface!  We  shajl  call  this  the  lunar  \ 
J  kypolii/isis. 
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J  rapid  progress  through  space  has  been  accounted  for  in  all  of  ihem  it 

ner.     It  is  supposed  that,  in  the  rapid  motion  with  which  the  body  pro-  \ 
)  ceeds,  the  air  which  lies  in  its  path  is  so  extremely  condensed,  as  either  to  be-  ■ 

e  itself  luminous,  or  to  acquire  so  intense  a  heat  as  to  render  the  stone  in-  \ 
J  candescent,  or,  perhaps,  to  produce  upon  it  even  a  superficial  combustion,  the  J 

IS  of  which  are  exhibited  in  the  blackness  which  marks  the  surface  of  these  J 
!  bodies.  This  reasoning  is  attempted  to  be  supported  by  the  well-known  e 
(  periment  of  the  fire-syringe.  In  that  instrument  a  solid  piston  is  fitted  in 
!  cylinder,  so  as  to  be  air-tight,  carrying  a  piece  of  amadou  or  other  easily  cot 
J  buatible  matter,  at  its  end.  When  the  piston  is  suddenly  forced  down,  so  as 
J  produce  an  instantaneous  and  severe  compression  of  the  air  under  it,  the  am 
j  dou  takes  fire,  and,  if  the  cylinder  be  glass,  a  flash  of  light  is  visible  through  ) 

It  has  therefore  been  contended,  that  in  this  experiment  the  air  under  j 
j  the  piston  has  acquired,  by  compression,  such  a  temperature  as  renders  it  iu- 

More  recent  experiments,  however,  made  in  France  (an  account  of  which  i 
1  has  fallen  in  my  way),  throw  doubt  upon  the  validity  of  this  inference, 
i  is  said  that  the  unctuous  matter  commonly  used  to  lubricate  the  piston  in 
j  fire-syringe  is,  in  fact,  the  source  of  the  ignition ;  for  that,  when  experiments  J 
i  were  made  with  pistons  not  so  lubricated,  the  flash. of  light  was  not  produced, 
s,  therefore,  considered  not  to  be  satisfactorily  proved,  that  air  by  mere  me- 
(  chanical  compression  can  ever  become  luminous.    Still,however,itmight  becon- 
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J  tended  that,  even  though  the  air  were  not  to  become  luminous,  it  might,  ii 

(  theless,  be  raised  to  such  a  temperature  by  compression  as,  by  contact  with 

(  the  meteorite,  might  render  the  latter  lominons ;  but,  even  admitting  the  possi- 

J  bility  of  this  supposition,  as  applied  to  the  air  contiguous  to  the  earth,  or  even 

it  any  moderate  elevation,  an  almost  insuperable  difficulty  arises  from  the  vast 

J  height  at  which  meteorites  have  been  visible.     By  barometric  experiments  and 

J  observations  made  on  the  duration  of  the  morning  and  evening  twilight,  il  may 

5  be  considered  as  proved,  that  beyond  the  elevation  of  thirty  miles  there  exists 

no  atmosphere  possessing  any  sensible  mechanical  properties.    We  may  safely 

conclude  that  at  such  elevations  the  air,  if  any  really  exists  there,  must  be  so 

infinitely  attenuated  as  to  be  divested  of  all  sensible  resistance  or  inertia.    The 

J  space  there  must,  for  example,  be  a  more  absolute  vacuum  than  any  which 

)  could  be  produced  under  the  receiver  of  the  most  perfect  philosophical  air- 

J  pump  ;  how,  then,  can  we  imagine  such  a  compression  of  ihat  fluid  to  be  pro- 

>  duced,  as  would  be  necessary  to  evolve  the  enormous  temperature  requisite  to 

{  render  luminous  the  matter  composing  meteoric  stones  1  still  less  to  become  In- 

ninous  itself. 

In  short,  it  must  be  admitted  that  none  of  these  theories  afford  a  satisfactory 
jxplanaiion  of  the  luminous  appearances  which  accompany  these  meteors.    Let 
IS,  however,  examine  these  theories  respectively,  and  see  how  far  ihey  will 
\  bear  a  further  comparison  with  the  actual  circumstances  of  the  phenomena. 

The  atmospheric  hypothesis  is  subject  to  objections  so  unanswerable,  that  it 

)  may  be  considered  as  altogether  set  aside.    In  order  to  suppose  it  probable  that 

i  aerolites  could  be  formed  in  the  atmosphere,  we  must  show  that  their  constituent 

ilements  can  exist  there.     We  know  that  hail  and  snow  can  be  formed  in  the 

lir,  because  it  can  be  proved  that  aqueous  vapor  is  suspended  there,  and  that  a 

)  temperature  is  sometimes  produced  there  so  low  as  to  convert  that  vapor,  first, 

a  liquid,  and  then  into  the  solid  form  of  snow  or  hail.    But  the  most  rigor- 

inalysis  has  never  detected  in  the  atmosphere  any  of  the  constituents  of 

les,  nor  is  there  any  proof  that  the  constituent  principles  of  the  air 

(  couid  dissolve,  evaporate,  or  sublimate  such  substances.     Nor  can  it  be  said 

although  the  atmosphere  which  immediately  surrounds  us  may  not  have 

I  such  properties,  yet,  that  at  the  great  elevations  in  which  meteorites  are  formed, 

!  the  air  may  consist  of  different  constituents,  for,  besides  the  fact  that  it  has  been 

j  ascertained  by  direct  analysis  that  the  atmosphere,  at  all  elevations  to  which 

'in  has  ever  yet  attained,  consists  of  exactly  the  same  constituents,  in  exactly 

e  same  proportions,  there  is  a  general  law,  which  prevails  among  all  gaseous 

1  substances,  that  when  different  gases  are  superposed  they  will,  notwithstanding 

(  their  different  degrees  of  levity,  ultimately  mingle  so  as  to  form  a  uniform 

J  mass ;  thus,  if  we  could  imagine  for  a  moment  a  stratum  of  air  to  exist  near  the 

(  top  of  the  atmosphere,  having  constituents  diiFerent  from  those  around  us,  such 

atum  would  gradually  intermingle  with  the  strata  below  it,  until  the  whole 

)uld  acquire  a  uniform  quality.     It  is,  therefore,  physically  impossible  that 

tre  can  exist  in  any  elevated  region  of  the  air  any  substances  capable  of  dis- 

j  solving  or  sublimating  the  matter  of  meteoric  stones. 

To  these  objections  we  may  add  others.  Although  it  may  be  admitted,  as  Ara- 
(  go  argues,  that  the  constituent  pnnciples  of  aerolites  should  really  exist  in  the 
atmosphere  at  all  heights,  and  that  they  only  escape  analysis  because  of  iheir 
i  extreme  minuteness,  it  would  still  bo  necessary  to  explain  with  such  feeble  and 
i  such  dispersed  elements  a  sudden  precipitation,  yielding  stones  of  several  hun- 
\  dred  weight,  such  as  those  preserved  at  Ensenheim,  in  Alsace,  or  3,000  or  4,000 
ious  dimensions,  hke  those  which  were  separated  and  shot  off  by 
<  the  Lavgle  meteor.  It  would  be  necessary  to  assign  the  cause  that  combines 
(  the  scattered  molecules,  and  forms  them  into  a  single  mass.     It  is  not  affinity, 
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J  for  the  elements  composing  aerolites  are  not  in  a  stale  of  combination,  but  sir 
J  ply  agglomerated  and  held  together  in  juxtaposition.  And  yet,  if  they  are  n 
J  subjected  to  any  force,  these  little  globules  ought  to  fall  separately  as  ihey  a 
I  formed.     It  is  in  vain  to  ofciject  that  they  might  be  suspended,  for  more  or  le 

a  cause  analogous  to  that  which,  according  to  the  ingenious  opinion  ( 
i  of  Yolta,  balances  the  particles  of  hail  between  two  clouds,  so  ag  to  givf 
J  time  to  enlarge  by  the  addition  of  new  layers  of  ice.     The  fact  still  re; 
)  ihat'these  latter  have  never  been  seen  to  amount  to  several  hundred  weight,  ) 

<  though  the  elements  that  form  hail  are  much  more  abundant  in  the  air  than  those  \ 
)  of  aerolites  are  supposed  to  he.     Besides,  in  Volta's  theory,  the  suspension  of  | 

il  in  the  atmosphere  is  attributed  to  the  reciprocal  action  of  electric  clouds,  ■ 
cause  which  can  not  be  in  like  manner  adapted  to  the  formation  of  aerolites,  ', 
ice  the  meteors  that  carry  them  sometimes  burst  in  the  clearest  weather. 
But  even  granting  all  this,  and  admitting  the  formation  of  aerolites  in  the  at-  [ 
Dsphere  by  some  unknown  agency,  how  shall  we  account  for  the  circumstan-'  ■ 
s  attending  their  collision  with  the  surface  of  the  earth  1     According  to,  this  [ 
S  theory,  they  would  move  to  the  sujface  of  the  earth  by  the  operation  of  terres-  i 
)  trial  gravity  alone,  and  would  meet  the  earth  with  a  velocity  due  to  the  height  , 
{  from  v^hich  they  fell.     Now  the  actual  velocities  with  which  they  are  known  i 
)  to  strike  the  earth  could  never  be  acquired  under  the  mere  agency  of  terrestrial  J 
J  gravity,  through  any  height,  within  the  ordinary  limits  of  the  air. 
J       But,  if  the  velocity  of  the  meteorites  be  incompatible  with  this  theory,  thei 
J  direction  is  still  more  so.    Their  obliquity  could  never  be  produced  by  any  con 
\  ceivable  aimosplieric  current. 

We  may,  therefore,  safely  pronounce  the  atmospheric  theory  to  be  incom 
j  patible  with  the  ascertained  circumstances  of  the  phenomena,  and  to  require  ? 
J  admissions  inconsistent  with  the  established  principles  of  physics. 

The  volcanic  theory  ia  subject  to  objections  as  decisive  as  that  we  ha\ 
J  examined.  The  nature  of  the  substances  ejected  from  terrestrial  volcan 
)  well  known,  and  we  do  not  find  among  them  the  substances  which  form  the  } 

a  of  meteorites ;  besides  this,  it  is  found  that  meteoric  stones  fall 
)  parts  of  the  earth  so  remote  from  volcanoes,  and  at  times  so  distant  from  a 
J  known  extensive  eruptions,  that  it  is  impossible  to  admit  the  supposition  that  J 
{  they  have  proceeded  from  this  cause.     For  these  and  other  reasons,  needless  j 
.0  dwelt  on,  the  volcanic  hypothesis  is  set  aside. 
The  planetary  hypothesis  is  subject  to  less  difficulty,  and  is  much  n 
j  harmony  with  the  phenomena.     Tbe  velocity  and  direction  of  meteoric 
{  when  they  strike  the  earth  are  quite  in  accordance  with  this  theory,  and  the  \ 

'n  them  of  constituents  like  metallic  iron  and  nickel,  which  have  n 
}  natural  existence  on  the  earth,  is  also  explicable  ;  but  these  circumstances  ar 
J  equally  accounted  for  by  all  the  extra  terrestrial  theories,  and  afford,  therefore,  J 
(  no  more  countenance  to  the  planetary  than  to  the  lunar  or  nebular  hypothesis.  , 
J  On  the  other  hand,  a  serious  difficulty  is  presented  in  the  uniform  analysis  of  ' 
(  the  meteorites.  How  can  it  be  supposed  that  all  the  various  fragments  of  a  ■ 
J  broken  planet  should  consist  of  the  same  constituents  in  the  very  same  propor-  ' 
■'on  1  If  the  earth  were  split  in  pieces  by  anv  cause  internal  or  external,  would  ( 
s  fragments  be  so  uniform  in  its  constituenS  ?     Assuredly  not.     We  should  J 

<  find  fragments  of  very  heterogeneous  character.  One  would  consist  of  a  mass  ? 
i  of  sandstone,  another  a  lump  of  granite  ;  here  would  be  an  agglomerate  of  one  J 
(  kind,  there  of  another.  It  is,  therefore,  in  the  highest  degree  improbable  that  j 
)  the  fragments  of  another  planet  should  be  uniform  in  their  constituents,  and  this  J 

<  improbability  is  rendered  greater  by  the  fact  that  the  meteorites  are  composed  { 
j  of  heterogeneous  materials,  mechanically  agglomerated,  and  not  of  a  uniform  J 
(  substance,  composed  of  diffiirent  elements,  united  like  those  of  water 
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Until,  therefore,  the  advocates  of  the  planetary  hypothesis  can  rei      e  these  ' 
difficulties,  that  theory  cannot  be  admitted. 

The  lunar  hypothesis  appears  to  he  corapatib!e,  generally,  with  the  c  : 
stances  of  aerolites.     It  explains  satisfactorily  enough  the  force  and  d  n 
of  their  collision  with  the  earth.     If  it  be  admitted  that  tliey  proceed  fron  the  ' 
same  lunar  volcano,  or  that  all  lunar  volcanoes  eject  the  same  kind    i  subs  an 
ces,  the  similarity  of  their  constituents  will  be  explained  ;  in  short  all  hat  s 
necessary  to  raise  the  lunar  hypothesis  to  the  rank  of  a  theory  is  to  prove  1  e 
fact  that  there  really  do  exist  volcanoes  in  the  moon.     Now  although  observa 
tion  has  supplied  circumstances  which  give  some  probability  to  that  dea  jet  , 
it  is  still  very  far  from  being  clearly  established.     Telescopic  examindtion  of  ' 
the  lunar  surface,  has  certainly  and  clearly  established  the  fact  that  it  is  covered  I 
in  everypart  that  is  visible  with  mountains,  having  all  the  external  forms  and  char-  j 
acters  of  terrestrial  volcanoes.     The  craters  are  not  only  distinctly  visible,  but  ( 
we  have  been  enabled  lo  ascertain  the  existence-  of  the  cones  within   them,  j 
Sir  John  Herschel,  who  has  had  the  advantage  of  observing  with  the  n 
powerful  reflecting  telescopes,  has  declared  that  the  generality  of  the  lunar  j 
mountains  present  a  striking  uniformity  and  singularity  of  aspect.     They  are  S 
wonderfully  numerous,  occupying  by  far  the  larger  portion  of  the  surface,  and  ) 
almost  universally  of  an  exactly  circular  or  cup-shaped  form,  foreshortened, 
however,  into  ellipses  toward  the  limb  ;  but  the  larger  have  for  the  most  part  J 
flat  bottoms  within,  from  which  rises  centrally  a  small,  sleep,  conical  hill.  ( 
They  offer,  in  short,  in  its  highest  perfection,  the  true  volcanic  character, 
may  be  seen  in  the  crater  of  Vesuvius,  and  in  a  map  of  the  volcanic  districts  ( 
of  the  Campi  Phlegrasi  or  the  Puy  de  Dome,     And  in  some  of  the  principal  \ 
ones,  decisive  marks  of  volcanic  stratification,  arising  from  successive  depos- 
iles  of  ejected  matter,  may  be  clearly  traced  with  powerful  telescopes.     What  J 
is,  moreover,  extremely  singular  in  the  geology  of  the  moon  is,  that  although  ! 
nothing  having  the  character  of  seas  can  be  traced  (for  the  dusky  spots  which  [ 
are  commonly  called  seas,  when  closely  examined,  present  app  a  a     es  n 
patible  with  the  supposition  of  deep  water),  yet  there  a  e  la    e   e    o  s 
fectly  level,  and  apparently  of  a  decidedly  alluvial  characte 

But  this  condition  of  things  may  have  resulted  from  vol  a    c  a  1 

took  place  at  an  epoch  long  antecedent  to  the  commenceme  of  he  p  e 
condition  of  our  globe,  and  it  may  be  required  to  establish  he  la  of  he  p 
ent  existence  of  active  volcanoes  on  the  moon. 

To  thij  it  may  be  answered,  ^yJrji,  that  if  active  volcanoes  existed  at  any 
mote  period,  the  substances  ejected  from  them  may  have  been  ever  since 
volving  in  the  space  around  the  earth,  and  that  they  may  now,  from  time  to  S 
time,  become  entangled  in  the  earth's  atmosphere  and  descend  to  the  surface. 

Secondly,  it  may  be  replied  that  we  do  possess  indications  of  the  present  1 
existence  of  lunar  volcanoes,  inasmuch  as  bright,  luminous  spots  have  been  J 
detected  by  various  astronomers  at  difi'erent  times  and  places,  on  the  occasion  J 
of  total  eclipses  of  the  sun,  on  the  surface  of  the  moon,  then  dark, ; 
impossible,  on  the  one  hand,  to  deny  the  existence  of  what  has  been  witnessed  j 
by  so  many  competent  observers,  and  that  no  other  supposition  has  been  offer- 
ed to  explain  such  luminous  spots,  except  one,  which  from  its  extreme  improb- 
ability cannot  be  seriously  entertained,  namely,  that  which  supposes  the  sun 
to  have  been  rendered  visible  by  holes  through  the  moon. 

Thus,  then,  stands  the  lunar  theory  of  meteorites.     It  is  exempt  from  most 
of  the  difficulties  and  objections  that  attend  the  other  hypotheses, but  neverthe-  , 
less,  until  it  be  actually  established  beyond  all  question  that  there  are,  or  have  i 
been,  active  volcanoes  on  the  moon,  and  that  substances  ejected  from  these  S 
have  actually  fallen  upon  the  earth,  the  lunar  theory  of  n  ' 

30 


I  losted  by 


Google 


5  pronounced  to  be  established  according  to  the  rigid  ruJes  of  inductive  phi-  { 
J  losophy. 

The  nebular  hypothesis  i 
liew  than  aa  a  conjecture. 
\  of  the  nebulous  matter  is,  nor  whether  it 
a  it  exists  in  the  stellar  regions  it  ii 
L  of  such  a  quality  in  any 


be  regarded  in  a  more  definite  point  of  j 
o  observation  to  prove  what  the  natii 
it  is  solid,  liquid,  or  gaseous.     We  line 
*s  self-luminous  ;  but  there  is  no  ini 


existing  1 


r  system. 


)  may  also  he  contended  that  if  it  exist  within  the  solar  system  in  ^e  quantity  J 
j  contemplated  in  this  hypothesis,  we  might  expect  it  to  be  visible,  if  not  by  its  ( 
J  own  light,  at  least  by  the  reflected  light  of  the  sun.  i 

;       From  the  exposition  I  have  here  given  it  will  be  perceived  that  the  origin  I 
J  of  meteoric  stones  is  still  involved  in  much  obscurity.     We  may,  perhaps,  pro- 
j  nounce  with  some  degree  of  confidence  ihat  they  are  not  of  terrestrial  origin, 
le  atmosphere,  and  that  strictly  speaking  they  are  cosmical. 
t  yet  in  possession   of  all   the  information  which  observa- 
!  tion  may  supply  respecting  them.     It  is  not  yet  clearly  ascertained  whether 
j  they  are  identical  with  the  appearances  so  often  exhibited  in  the  heavens,  call- 
j  ed  shooting  stars,  nor  has  the  cause  of  this  latter  meteor  been  explained.     A 
j  great  impediment  to  the  correct  information  of  these  phenomena,  arises  from  ( 
j  5ie  fact  that  their  exhibition  in  the  heavens  is  not  preceded  by  any  circumstance  j 
t  which  can  prepare  the  observer  for  them,  and  their  continuance  is  seldom  long  ( 
[  enough  to  afford  opportunity  for  correct  observations.     We  are,  therefore,  com- 
(  pelled  to  collect  from  scattered  sources,  and  loose  records,  much  of  the  infor- 
[  mation  which  is  available  respecting  them. 

e  of  the  most  interesting  narratives  of  this  kind  on  record  is  that  of  a 
\  meteor  which  appeared  in  America,  on  the  i3lh  of  November,  1833.  It  was 
J  published  in  the  American  Journal  of  Science,  and  is  entitled  to  especial  notice. 
'  The  following  is  an  abstract  of  this  narrative  i — 

The  meteors  began  to  attract  notice  by  their  frequency  as  early  as  9  o'clock  J 

m  the  preceding  evening  (November  13) ;  the  exhibition  became  strJKngly  > 
j  brilliant  about  1 1  o'clock,  but  most  splendid  of  all  about  4  o'clock,  and  continued  j 
5  with  but  little  intermission  until  darkness  merged  in  the  light  of  day,  A  few  large  J 
J  fire-balls  were  seen  even  after  ihe  sun  had  risen.     The  entire  extent  of  the  j 
(  exhibition  is  not  ascertained,  but  it  covered  no  inconsiderable  portion  of  the  J 
's  surface.     It  has  been  traced  from  the  longitude  of  61°  in  the  Atlantic  J 
1,  to  longitude  of  100°  in  central  Mexico,  and  from  the  North  American 
(  lakes  to  the  southern  side  of  the  island  of  Jamaica.     Everywhere  within  these 
[  limits,  the  first  appearance  was  ihai  of  fire-works  of  the  most  imposing  gran- 
!  deur,  covering  the  entire  vault  of  heaven  with  myriads  of  fire-balls  resembling  j 
\  sky-rockets.     On  more  attentive  inspection,  it  was  seen  that  the  meteors 
i  hibited  three  distinct  varieties;  the  first  consisting  o{  phosphoric  lines,  n^^ 
\  rently  described  by  a  point ;  the  second  of  large  iire-balls,  that  at  intervals  / 
i  darted  along  the  sky,  leaving  numerous  trains,  which  occasionally  remained  ir  ' 
j  view  for  a  number  of  minutes,  and  in  some  cases  for  half  an  hour  or  more 
>  the  third,  of  undefined,  luminous  bodies,  which  remained  nearly  stationary  for  J 

a  long  time. 
One  of  the  most  remarkable  circumstances  attending  this  display  was,  that  j 

Lhe  meteors  all  seemed  fo  emanate  from  one  and  the  same  point.     They  set  out  , 

It  different  distances  from  this  point,  and  proceeded  with  immense  velocity,  | 
5  describing,  in  some  instances,  an  arc  of  30°  or  40°  in  less  than  four  seconds.  ! 
j  At  Poland,  on  the  Ohio,  a  meteor  (of  the  third  variety)  was  distinctly  visibi 
{  the  northeast  for  more  than  an  hour.     At  Charleston,  South  Carolina,  another  j 

extraordinary  size  v/as  seen  to  course  the  heavens  for  a  great  length  o 
I  time,  and  then  was  heard  to  explode  with  the  noise  of  a  cannon.     The  point  ? 
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5  from  wHch  the   meteors    seemed   ti 
(  fixed  iis  position  iiinoiig  the  stars  I 

very  remarkable,  this  point  was  stationary  among  the  stars  during  !he  ( 
J  whole  period  of  observation ;  that  is  to  say,  it  did  not  move  along  v  ' ' 
1  the  earth  in  its  diurnal  rotation  eastward,  but  accompanied  the  stars  in  their  \ 
j  apparent  progress  westward.  It  is  not  certain  whether  the  meteors  " 
1  in  general,  accompanied  by  any  peculiar  sound.  A  few  observers  reported  chat  j 
?  they  heard  a  hissing  noise,  like  the  rushing  of  a  sky-rocket,  and  slight  explo-  ' 
(IS,  like  the  bursting  of  the  same  bodies.  Nor  does  it  appear  lliat  any  sub-  > 
ace  reached  the  ground  which  could  be  clearly  established  to  be  a  residu-  ' 
or  deposite  from  the  meteors.  A  remarkable  change  of  weather  from  { 
rm  to  cold,  accompanied  the  meteoric  shower,  or  immediately  foUowei 
)  all  parts  of  ihe  United  States. 

'^rom  these  circumstances  and  other  particulars  recofded,  it  has  been 
j  rod  that  had  these  meteors  appeared  to  emanate  from  a  point  not  in  the  direction  { 
5  of  the  earth's  rotation,  they  had  not  their  origin  in  the  atmosphere.  By  c 
)  paring  observations  made  npon  them  in  different  latitudes,  it  was  calculated  i 
j  that  ^eir  distance  from  the  sin-face  of  the  earth  must  have  been  above  3,000  ( 
(  miles.  Assuming  this  result,  which  is,  however,  only  an  approximation,  the  j 
5  velocity  with  which  they  would  enter  the  atmosphere  may  be  computed. 

A  body  falling  from  the  height  of  2,000  miles  would  acquire  by  the  altrac- 
ion  of  gravity,  at  50  miles  from  the  earth,  where  it  might  be  supposed  to  en- 
er  the  atmosphere,  a  velocity  of  four  miles  per  second,  being  ten  times  the 
}  velocity  of  a  cannon-bait.     It  is  contended,  therefore,  that  on  entering  the  at- 
*  mosphere  they  would  produce  a  sudden  compression  of  air,  and  corresponding  f 
(  evolution  of  heat.     That  the  heat  thus  produced  would  render  the  bodies  ii 
S  candescent,  and  if  they  were  combustible,  would  set  them  on  fire.     It  is  argued  J 
J  that  the  quantity  of  heat  which  would  be  extricated  from  the  air  by  such  com-  S 
)  pression  would  exceed  that  of  the  hottest  furnace  ;  but  that  if  the  velocity  j 
(  arising  from  the  earth's  motion  w         ddd       hpp         1      jfhldyi 
j  itself,  which  it  must  be,  if  these  m  j     h  Id  h      b 

J  effective  velocity  of  fourteen,  i         d        f       mil      p  d        d  I 

Iter  amount  of  heat  would  bepddl  gdhh 

St  have  been  constituted  ofirylghm  !      f       fh       q         ly 

?  matter  had  been  considerable,  wih  lyhywldb        h 

J  sufficient  momentum  to  reach  the        h       d  h  d  q 

j  might  have  ensued.     Frorfi  thepp  gdfmyfhm 

5  and  their  probable  distance,  itwa         j  dhlj  bd         f 

j  large  size,  although  it  was  imp       bl         as  h  d  h 

5  certainty.  It  was  supposed  that  they  were  only  stopped  in  the  atmosphere,  an 
j  prevented  from  reaching  the  earth  by  transferring  their  motion  to  columns  of  aii 
j  large  volumes  of  which  3iey  woiUd  suddenly  and  violently  displace.  It  was  cor 
(  sidered  remarkable  that  the  state  of  the  weather,  and  the  condition  of  the  season 
S  following  this  meteoric  shower,  were  just  such  as  might  have  been  anticipated  j 
\  from  these  disturbing  circumstances  of  the  atmospheric  equilibrium.  Such  j 
*ere  the  speculations  lo  which  this  remarkable  phenomenon  gave  rise. 

Whatever  be  the  origin  of  the  phenomena  of  shooting  stars,  it  cannot  fail  to 
je  interesting  to  learn'  the  principal  circumstances  which  observation  has  col- 
(  lected  respecting  them. 

Their  apparent  magnitudes  are  very  various.  Sometimes  they  are  not  bright- 
er or  larger  than  the  smallest  star  visible  to  the  naked  eye,  and  at  other  times 
they  surpass  in  splendor  the  most  brilliant  of  the  planets.  Sometimes  the  glob- 
ular form  can  be  distinctly  recognised  upon  them,  and  they  are  n 
able  from  the  meteors  called  fire-balls. 
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Shooting  stars  seem  to  prevail  equally  in  every  climate  and  in  every  stale  of  j 
{  the  weather.     They  are  occasionally  seen  at  all  seasons  of  ihe  year,  but  n 
J  frequently  in  summer  oral  the  end  of  the  autumn.     They  appear  usually  ti 
S  followed  by  a  luniinona  train  of  intensely^  white  light. 
J       A  question  will  immediately  arise,  whether  this  be  a  real  continued  physical  i 
J  line  of  light,  or  whether  it  must  not  rather  be  ascribed  to  the  same  cause  which  ( 
makes  us  see  a  complete  circle  of  light  when  a  lighted  slick  revolves  rapidly  ii 
a  circle.     In  that  case  the  circle  of  light  is  not  real,  the  effect  being  an  optical  ( 
f  illusion.     The  membrane  of  the  eye  which  is  affected  by  light  has  been  ascer 
j  tained  to  preserve  the  impression  made  upon  it  for  about  one  tenth  of  a  seconi 
after  the  cause  which  produced  that  impression  has  ceased  to  act.     We,  conse 
J  quently,  continue  to  see  a  visible  object  in  any  position  for  a  tenth  of  a  sec 
Mid  after  it  has  left  that  position.     If,  then,  a  luminous  object  move  over  a  cer 
ain  space  in  one  tenth  of  a  second,  the  eye  will  see  it  at  the  same  time  ii 
(  every  part  of  that  space,  and  consequently,  that  space  will  appear  one  coniin 
LOUS  line  of  light. 
If,  therefore,  the  luminous  train  which  is  visible  after  a  shooting  star,  extend; 
j  through  a  space  over  which  the  star  moved  in  one  tenth  of  a  second,  it  is  thei 
(  possible  that  such  luminous  train  may  be  illusory,  being  a  mere  optical  effect  ) 
i  of  the  rapid  motion  of  the  star.     But  if  it  be  longer  than  this,  or  if  it  be  visible  j 
j  in  one  place  for  more  than  the  tenth  of  a  second  after  the  star  has  moved  from  j 
i  that  place,  then  it  cannot  be  explained  on  this  principle  and  must  be  admitted  ' 
(  to  be  an  actua!  train  of  light.     Now  it  is  stated  by  observers  of  these  n 
J  that  the  trains  are  sometimes  seen  for  several  minutes.     In  the  case  of  actual  j 
(  fire-balls.  Dr.  Olbers  observed  trains  which  continued  visible  for  s 

utes,  and  Braudes  in  one  instance  estimated  that  liAeen  minutes  elapsed  I 
I  between  the  extinction  of  the  fire-ball  and  the  disappearance  of  the  luminous  i 
)  train.     In  general  the  trains  have  the  same  hollow,  cylindrical  appearance  a 
{  the  tails  of  comets,  their  inner  part  appearing  to  be  void  of  luminous  mattei 

md  a  further  resemblance  to  cornels  is  exhibited  in  the  curved  form,   which  j 
I  they  sometimes  assume. 

Various  and  discordant  have  been  the  explanations  offered  of  these  luminous  \ 
trains.     Some  have  ascribed  them  to  an  oily  sulphurous  vapor  existing  in  tht 
atmosphere,  which,  being  disposed  in   ihia   layers   and  becoming  inflamet 
t  would  exhibit  the  appearance  of  a  brilliant  spark  passing  rapidly  from  point  tc 
i  point.     Beccaria  and  Vassal!  considered  them  to  be  lines  of  electrical  sparks,  ' 
j  an  hypothesis,  however,  which  has  been  abandoned.     Lavoisier,  Volia,  and  ! 
)  others,  explain  these  meteors  by  supposing  that  hydrogen  gas  accumulated,  by  < 
}  its  lightness,  in  the  higher  regions  of  the  atmosphere,  was  inflamed.     But  the  , 
I  general  law  of  gases,  which  gives  them  a  tendency  to  mingle,  notwithstanding  J 
5  the  effect  of  tlieir  specific  gravities,  puts  aside  this  hypothesis. 
>       In  the  year  1798  an  investigation  of  the  heights  of  shooting  stars  was  u 
i  dertaken  by  Brandes,  at  Leipsig,  and  Benzenberg,  at  Dasseldorf.     Having  s 
j  lected  a  base  line  (about  nine  miles  in  length),  they  placed  themselves  at  its  e 
j  tremilies,  on  appointed  nights,  and  observed  all  the  shooting  stars  which  a 
S  peared,  tracing  their  courses  through  the  heavens  on  a  celestial  map,  and  j 
5  noting  the  instants  of  their  appearances  and  extinctions  by  chronometers  pre 
)  viously  compared.     The  difference  of  liie  paths  traced  on  the  heavens  affor " 
a  for  the  determination  of  the  parallaxes,  and  consequently  the  heights 
lengths  of  the  orbits.     On  six  evenings,  between  September  and  Novi 
J  ber,  the  whole  number  of- shooting  stars  seen  by  both  observers  was  402  : 
ise,  22  were  identified  as  having  been  observed  by  each  in  such  a  man 
J  that  the  aJtitude  of  the  meteor  above  the  ground  at  the  instant 
)  could  be  computed.    The  least  of  the  altitudes  was  about  6  English  miles.    Of  J 
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the  whole,  there  were  7  under  45  miles  ;  9  between  45  and  90 ;  6  above  90  ; 
and  the  highest  was  above  140  miles.    There  were  only  two  observed  so  com- 
pletely as  lo  afford  data  for  determining  the  velocity.    The  first  gave  25  miles,  j 
and  the  second  from  17  to  21  miles,  in  a  second.    The  most  remarkable  result  j 
was,  that  one  of  them,  certainly,  was  observed  not  to  fall,  but  to  move 
direction  away  from  the  earth. 

By  these  observations  a  precise  idea  was  first  obtained  of  the  altitudes 
tances,  and  velocities,  of  these  singular  meteors.     A  similar  but  more  extended  } 
plan  of  observation  was  organized  by  Brandos,  in  1823,  and  carried  into  effect 
at  Breslau  and  the  neighboring  towns,  by  a  considerable  number  of  persons, 
observing  at  the  same  time  on  concerted  nights.     Between  April  and  October  l 
about  1800  shooting  stars  were  noted  at  the  different  places— out  of  which  i 
number  62  were  found  which  had  been  observed  simultaneously  at  more  than  < 
oiie  station,  in  such  a  manner  that  their  respective  altitudes  could  be  deter- 
mined, and  36  others  of  which  the  observations  fitmished  data  for  estimating  } 
the  entire  orbits.     Of  these  98,  the  heights  (at  the  lime  of  extinction)  of  4  were 
computed  to  be  under  15  Enghsh  miles  ;  of  13,  between  15  and  30  miles  ;  of 
22,  between  30  and  45  ;  of  33,  between  45  and  70 ;  of  13,  between  70  and  90  ; 
and  of  11,  above  90  miles.     Of  these  last,  two  had  an  altitude  of  about  140  \ 
miles,  one  of  220  miles,  one  of  280,  and  there  was  one  of  which  the  height  5 
was  estimated  to  exceed  460  miles, 

On  the  36  computed  orbits,  in  26  instances  the 
one  case  horizontal,  and  in  the  remaining  r ' 
velocities  were  betvfeen  18  and  36  miles  in  : 
frequently  not  straight  lines,  but  incurvated,  s 
sometimes  in  the  vertical  direction,  and  sometimes  they  we 
form.     The  predominating  direction  of  the  motion  of  the  i 
east  to  southwest,  contrary  lo  that  of  the  earth  in  its  orbit,  v 
ble,  and  is  important  in  reference  to  their  physical  theory. 

A  similar  set  of  observations  was  made  in  Belgium,  in  1824,  under  the  di- 
rection of  M.  Quetelet,  the  results  of  which  are  pubhshed  in  the  Annuaire  de 
Bruxtdks  for  1837.    M.  Quetelet  was  chiefly  solicitous  to  determine  the  velocity  S 
of  the  meteors.    He  obtained  six  corresponding  observations,  from  which  this  j 
element  could  be  deduced,  and  the  resuh  varied  from  10  to  25  English  n 
in  a  second.     The  mean  of  the  six  results  gave  a  velocity  of  nearly  17  miles  j 
per  second,  a  little  less  than  that  of  the  earth  in  its  orbit.  i 

Another  set  of  corresponding  observations  was  made  in  Switzerland,  on  the  } 
10th  of  August,  1838,  a  circumstantial  account  of  which  is  given  by  M.  Wart-  , 
mann  in  Quetdet's  Correspondence  Mathemaliqtie  for  July,  1839.  M.  Wart-  J 
mann  and  five  other  observers,  provided  with  celestial  charts,  stationed  them-  , 
selves  at  the  observatory  of  Geneva,  and  the  corresponding  observations 
made  at  Planchettes,  a  village  about  sixty  miles  to  the  northeast  of  that  city,  i 

In  the  space  of  seven  and  a  half  hours  the  number  of  meteors  observed  by  the  J 
six  observers  at  Geneva  was  381,  and  during  live  and  a  half  hours  the  number  \ 
observed  at  Planchettes  by  two  observers,  was  104.     All  the  circumstances  of 
the  phenomena — the  place  of  the  app&ritioa  and  disappearance  of  each  meteor, 
the  lime  it  continued  visible,  iis  brightness  relatively  to  the  fixed  stars,  whether 
accompanied  with  a  train,  &c. — were  carefully  noted,  and  the  trajectories  de- 
scribed by  the  meteors,  were  very  different,  varying  from  8°  to  70°  of  angular  i 
space.     The  velocities  appeared  also  to  differ  considerably ;  but  the  average  j 
velocity  was  supposed  by  M.  Wartmann  to  be  25'=  per  second.     It  was  found,  J 
from  the  comparison  of  the  simultaneous  observations,  that  the  average  height  / 
above  the  ground  was  about  650  miles  ;  and  hence  the  relative  velocity  w 
computed  10  be  about  240  miles  in  a  second.     But  as  the  greater  number  ) 


i  motion  was  downward,  i 

!  or  less  upward.     Tli 

The  trajectories  wet 

in  the  horizontal  an 

3  of  a  serpentine  ) 

5ors  from  north-  j 

s  very  remarka- 
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(  moved  in  a  direction  opposite  to  that  of  the  earth  in  ils  orbit,  the  relative  ve- 
{  locity  must  be  diminished  by  the  earth's  velocity  (about  19  miles  in  a'second), 
J  this  still  leaves  upward  of  320  miles  per  second  for  the  absolute  velocity  of  the 
{  meteor,  which  is  more  than  II  times  the  orbitual  velocity  of  the  earth,  seven 

a  half  times  that  of  the  planet  Mercury,  and  probably  greater  than  that  of  J 
t  many  of  the  comets  at  their  perihelion. 

luch  are  the  principal  facta  which  have  yet  been  established  respecting  the  i 
I  heights,  velocities,  and  orbits,  of  the  shooting  stars ;   and  it  is  from  these, 
J  chiefly,  that  we  are  enabled  to  form  any  probable  conjectures  respecting  their  ( 
(  origin.     And  since  it  is  now  established  that  no  difference  is  observable  b 
J  tween  the  larger  shooting  stars  and  small  fire-balls,both  having  similat  altitudes  < 
I  and  velocities,  and  presenting  absolutely  the  same  appearances,  we  may  a 
sume  them  to  be  of  the  same  nature,  and  that  whatever  has  been  proved  ri 
Bpecting  fire-balls  will  apply  equally  to  the  larger  shooting  stats.     Whether  S 
i  the  meteoric  appearances  to  which  the  latter  term  is  applied  may  not  include  J 
J  objects  of  totally  different  natures,  is  a  question  admitting  a  doubt.    It  is  possi. 
j  ble  that  among  the  shooting  stars  there  may  be  objects-which  are  merely  electric 
J  sparks,  or  which  have  their  origin  in  spontaneously-inflammable  gases,  known  } 
J  or  unknown,  existing  in  the  atmosphere  ;  but  the  greater  part  of  them  n 
{  considered  as  identical  with  fire-balls. 


I  deed,  it  be  not  altogether 
be  shown  that,  if  they  ci 


The  lunar  hypothesis  advanced  by  Laplace,  Berzeiius,  and  others,  to  e: 
,  appears  to  be  attended  with  serious  difficulties,  if,  i: 
!r  incompatible  with  the  phenomena  of  shooting  stars.    ] 
jspliere  with  a  velocity  of  20  miles  in  a  second,  it  may  ) 
le  from  the  moon,  they  must  have  been  projected  from  s 
'  the  lunar  surface  with  a  velocity  of  about  130,000  feet  in  a  second,  which  may  ) 
'le  regarded  as  almost  impossible. 

It  thus  appears  that  those  shooting  stars  and  fire-balls  which  have  the  plar 
I  taiy  velocity  of  from  30  to  40  miles  in  a  second,  cannot,  with  any  probability,  ' 
'   be  regarded  as  having  their  origin  in  the  moon.     Whether  any  individual  bod- 
ies, moving  with  a  smaller  velocity,  may  have  a  lunar  origin,  is  a  question  J 
which  cannot  be  decisively  answered.     "  To  me,"  says  Dr.  Olbers,  "  it  does  \ 
lot  appear  at  all  probable  ;  and  I  regard  the  moon,  in  its  present  ci 
:es,  as  an  extremely  peaceable  neighbor,  which,  from  its  want  of  i 
itmosphere,  is  no  longer  capable  of  any  strong  explosions." 

The  hypothesis  first  suggested  by  Chladni  is  that  which  appears  to  have  J 
net  with  most  favor,  having  been  adopted  by  Arago  and  other  eminent  astronc 
nets  of  the  present  day  to  explain  the  November  phenomena.     It  consists  i 
supposing  that,  independently  of  the  great  planets,  there  exist  in  the  planetary  J 
regions  myriads  of  small  bodies  which  circulate  about  the  sun,  generally  in  ? 

),  and  that  some  of  these  zones  intersect  the  ecliptic,  and  are, 
consequently,  encountered  by  the  earth  in  its  annual  revolution.     The  princi- 
'.    pal  difficulties  attending  this  theory  are  the  following : — 
J       First,  that  bodies  moving  in  groups  in  the  circumstances  supposed,  must 
>  necessarily  move  in  the  same  direction,  and  consequently  they  become  visi- 
{  ble  from  one  point  and  move  toward  the  opposite.     Now  although  the  observa- 
s  seem  to  show  that  the  predominating  direction  is  from  northeast  to  souih- 
j  west,  yet  shooting  stars  are  observed  on  the  same  nights  to  e 
i  points  of  the  heavens,  and  to  move  in  al!  possible  directions.     Secondly,  their  j 
(  average  velocity  (especially  as  determined  by  Wartmann),  greatly  exceeds  that  } 
)  which  any  body  circulating  about  the  sun  can  have  at  the  distance  of  the  earth, 
<  Thirdly,  from  their  appearance,  and  the  luminous  train  which  they  generally  j 
)  leave  behind  them,  and  which  often  remains  visible  for  several  seconds,  some- 
s  for  whole  minutes,  and  also  from  their  being  situated  within  the  earth's 
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shadow,  and  at  heights  far  exceeding  those  at  which  the  atmosphere  can  be  | 
supposed,  capable  of  supporting  combustion,  it  is  manifest  that  their  light  is  not  , 
reflected  from  the  sun,  they  must  therefore  be  self-luminous,  which  is  contrary  ' 
to  every  analogy  of  the  solar  system.  Fourthly,  if  masses  of  solid  matter  ap-  i 
proached  so  near  the  earth  as  many  of  the  shooting-stars  do,  some  of  them  | 
would  inevitably  be  attracted  to  it,  but  of  the  thousands  of  shooting- stars  which  , 
have  been  observed,  there  is  no  authenticated  instance  of  any  one  having  ac-  ; 
tualty  reached  the  earth.  Fifthly,  instead  of  the  meteors  being  attracted  to 
the  earth,  some  of  them  are  observed  actually  to  rise  upward  and  to  describe 
orbits  which  are  convex  toward  the  earth,  a  circumstance  of  which,  on  the 
present  hypothesis,  it  seems  diflicult  to  give  any  rational  explanation. 

From  the  difficulties  attending  every  hypothesis  which  has  hitherto  been 
proposed,  it  may  be  inferred  how  very  little  real  knowledge  has  yet  been  ob- 
tained respecting  the  nature  of  the  shooting-stars.  It  is  certain  that  they  ap- 
pear at  great  altitudes  above  the  earth,  and  that  they  move  with  prodigious 
velocity,  but  everything  else  respecting  them  is  involved  in  profound  mystery. 
From  the  whole  of  the  facts,  M.  W'artmann  thinks  that  the  most  rational  con- 
clusion we  can  adopt  is,  that  the  meteors  probably  owe  their  origin  to  the  dis- 
engagement of  electricity,  or  of  some  analogous  matter,  which  takes  place  in 
the  celestial  regions  on  every  occasion  in  which  the  conditions  necessary  for 
the  production  of  the  phenomena  are  renewed. 

The  presumption  in  favor  of  the  cosmical  origin  of  the  shooting  stars  are 
chiefly  founded  on  their  periodical  recurrence  at  certain  epochs  of  the  year, 
and  the  extraordinary  displays  of  the  phenomena  m  various  years  on  the  nights 
of  the  12th  or  13th  of  November. 

We  shall  here  merely  state  iJie  principal  circumstances  accompanying  those 
of  1799,  which  put  the  notion  of  a  Itinar  origin  entirely  out  of  the  question. 

On  the  morning  of  the  I3th  of  November,  1799,  before  sunrise,  Humboldt 
and  Bonpland,  then  on  the  coast  of  Mexico,  were  wttneasea  to  a  remarkable 
exhibition  of  shooting  stars  and  fire-balls.  They  filled  the  part  of  the  heavens 
extending  from  due  east  to  about  30°  toward  the  north  and  south.  They  rose 
from  the  horizon  between  the  east  and  northeast  points,  described  arcs  of  un- 
equal magnitude,  and  fell  toward  the  south  ;  some  of  them  rose  to  the  height 
of  40°,  all  above  25°  or  30°.  Many  of  them  appeared  to  explode,  but  die 
larger  number  disappeared  without  emitting  sparks  ;  some  had  a  nucleus  ap- 
parently equal  to  Jupiter.  This  most  remarkable  spectacle  was  seen  at  the 
same  time  in  Camana,  on  the  borders  of  Brazil,  in  French  Guiana,  in  the  chan- 
nel of  Bahama,  on  the  continent  of  North  America,  in  Labrador,  and  in  Green- 
land, and  even  at  Carlaruhe,  Halle,  and  other  places  in  Germany,  many  shoot- 
ing stars  were  seen  on  the  same  day.  At  Nam  and  HofTenthal  in  Labrador, 
and  at  Neuhernhul  and  Lichtenau  in  Greenland,  the  meteors  seem  to  have  ap- 
peared the  nearest  to  the  earth.  At  Nain  thev  fell  toward  all  points  of  the 
horizon,  and  some  of  them  had  a  diameter  which  the  spectators  estimated  at 
half  an  ell.     (See  Humboldt's  Recueil  des  Voyages,  &c..  Vol.  II.) 

A  not  less  stupendous  exhibition  took  place  in  North  America  on  the  night 
of  the  12th  of  November,  1833.  In  1834  similar  phenomena  occurred  on  the 
night  of  the  1 3th  of  November;  but  on  this  occasion  the  meteors  were  of  a 
smaller  size.  In  1835,  1836,  and  1838,  shooting  stars  were  observed  on  the 
'.  night  of  November  13,  in  diff'erent  parts  of  the  world,  but  though  diligently 
•looked  for  on  the  same  nights  in  1839  and  1840,  they  do  not  appear  to  have 
I  been  more  numerous  than  on  other  nights  about  the  same  season  of  the  year. 
'  The  second  great  meteoric  epoch  is  the  10th  of  Angust,  first  pointed  out 
1  by  M.  Quetelet,  and  although  no  displays  similar  to  those  of  the  November 
j  period  have  been  witnessed  on  this  night,  there  are  more  instances  of 
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;  of  the  phenomena.     In  the   last  three  years  (1S38,  1939,  1840), 
{  shooting  stars  were  observed  in  great  numbers  both  on  the  9lh  and  10th ;  but  i 
S  they  appear  in  general  to  be  unusually  abundant  during  the  first  two  weeks  of  ) 
f  August.     The  other  periods  which  have  been  remarked,  are  the  18th  of  Octo- 
!  ber,  the  23d  or  24th  of  April,  the  6th  and  7th  of  December,  the  nights  from  J 
)  the  15th  to  the  20th  of  June,  and  the  2d  of  January. 
J       Halley  first  suggested  the  idea  that  the  shooting  stars  may  be  obser 
)  signals  for  determining  differences  of  latitude  by  simultaneous  observ 
S  and  Maskelyne  in  1783  published  a  paper  on  the  subject,  in  which  he  calls  J 
?  the  attention  of  astronomers  to  the  phenomena,  and  distinctly  points  out  ihis 
j  application.     The  idea  was  revived  by  Benzenberg-in  1802,  but  so  long  as 
(  they  were  regarded  merely  as  casual  phenomena,  it  could  scarcely  be  hoped  ( 
)  that  they  would  be  of  much  use  in  this  respect  to  practical  astronomy.     As  i 
I,  however,  as  their  periodicity  became  probable,  the  phenomena  acquired  ( 
w  interest,  and  some  recent  attempts  to  determine  longitudes  in  thi 
(  ner  have  proved  that  the  method  is  not  to  be  disregarded. 

The  probability  of  the  conjecture  that  the  causes  of  the  meteoric  phen 
?  observed  in  the  months  of  August  and  November  is  to  be  found  in  the  fact  that  { 
)  the  particular  regions  of  the  solar  system  through  which  the  earth  passes  i 
B  seasons,  are  the  seats  of  an  unusual  quantify  of  the  matter  composin 
e  meteors,  must  in  a  great  degree  depend  on  the  extent  to  which  it  c. 


(  proved  by  observation  that  such 

J  periods  of  the  year. 

(       With  a  view  of  testing  this,  I  1 

)  the  dates  of  the  most  remarkable 

(  the  eighth  century  to  the  present 

)  month  when  it  has  been  recorded,  is  pli 

J  and  in  the  line  with  the  year  of  the  occurrence, 


do  really  prevail  at  each  of  those  ( 

ive  collected  together,  from  v 

itmospheric  appearances  of  this  class  from  i 

In  the  following  table,  the  day  of  the  J 

ced  in  the  column  under  the  month,  ' 

Where  an  asterisk  occurs  { 


S  under  the  month,  the  particular  night  has  not  been  recorded,  but  the  appear-  ) 
rely  been  mentioned  as  having  occurred. 
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There  are  here  recorded  fifly-lwo  nights  on  which  these  appearances  pre- 
vail to  such  a  degree  as  to  altract  particular  notice.  Of  these,  twenty-sis  oc- 
curred between  the  8th  and  15th  of  August,  and  thirteen  the  6th  and  1 9lh  of 
November.  Thus  three  fourths  of  the  nights  recorded  correspond  to  the  epochs 
to  which  we  have  referred. 

We  have  not  seen  any  sufficiently  precise  account  of  the  number  of  these 
phenomena  which  were  observed  in  November,  1837,  and  in  July,  1838. 
Fewer  were  noticed  ia  Paris  in  November,  1837,  than  were  expected  ;  but  on 
the  night  between  the  15th  and  16th,  seventeen  were  seen  at  that  place  by 
M.  Arago,  within  a  minute  and  a  half.  At  Jamble,  in  the  department  of  the 
Seine  and  Loire,  thirty-nine  were  observed  on  the  night  between  the  14tli  and 
15t!i ;  and  ten  were  observed  at  Marseilles  on  the  night  between  the  13th  and 
13ih ;  six  were  observed  on  the  same  night  at  Geneva,  and  four  at  Montpellier. 
produced  in  1837,  by  the  circumstance  of  an  un- 
■ght  between  the  12th  and  13lh, 
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g  tabie,  tbat  these  appearances  have  not  at  all  been  cocifined  to  ihe  night  J 
J  of  the  12th  ;  but  independently  of  this,  the  night  of  the  12th  at  Paris 
J  bright,  that  stars  of  the  second  magnitude  were  rot  visible,  and  consequently  j 
teors — even  supposing  them  lo  have  existed  of  similar  or  of  inferior  bright-  1 
is — could  not  have  been  observed.     It  should  also  be  considered,  that  ^eir  \ 
i-appearance  at  any  particular  place,  is  no  proof  of  their  non-existence  ii 
atmosphere.     They  may  be  produced  during  the  day,  or  thoy  may  be  pro 
(  duced  in  a  part  of  the  atmosphere  not  visible  from  the  place  in  question.     Thus 
S  in  1833,  when  they  were  a  general  object  of  terror  to  the  people  of  America,  • 
(  they  attracted  but  little  attention  in  Europe.     On  the  other  hand,  they  si 

,r  contemporaneously  in  the  atmosphere   on   opposite  sides  of  tlie  ( 
?  globe.     In  1837,  they  were  observed  from  the  French  ship  Bonile,  on  the 
S  other  side  of  the  globe,  while  on  the  same  day  in  Europe,  a  vast  number  ap- 
(  peared. 

i  On  the  night  of  the  13th  of  November,  1836,  Sir  John  Herschel  observed  I 
I  these  phenomena  at  the  cape  of  Good  Hope.  Their  number  w 
>  considerable,  but  their  motion  had  a  marked  regularity ;  they  appeared  to  i 
I  diverge  from  a  centre  or  focus,  which  preserved  a  fixed  position  with  respect  5 
!  to  the  horizon,  but  had  no  such  fixed  relation  to  the  objects  on  the  firmament,  ' 
(  This  point,  or  centre,  to  which  their  common  directions  converged,  was  a  point  J 
)  of  about  thirty  degrees  above  the  horizon,  and  sixty  degrees  west  of  north. 

On  the  night  of  the  9ih  of  August,  1837,  M.  Wartraann  observed  these  phe- 
J  nomena  at  Geneva;  between  nine  o'clock,  P.  M.,  and  midnight,  eighty-two 

1  different  parts  of  the  heavens.     They  were  most  frequent  about  S 
}  ten  o'clock,  and   then   appeared  to  emanate  from  a' centre  or  focus  situated  be- 
J  tween  the  star  B,  in  the  constellation  of  Bootes,  and  the  star  A,  in  the  con- 
{  stellation  of  the  Dragon.     At  a  quarter  past  ten,  twenty-seven  were  seen,  and 
j  were  remarkable  for  their  bright  bluish  light.     Other  obftrvers  i 


eighborhtiod  and  i 
one  part  of  the  hei 

Of  these  hundred  a 


the  s 


i  night,  counted  o 


I  hundred  and  forty-nine 
nine  and  half  past  eleven  ) 


md  forty-nine  meteors,  three  had  the  appearance  of  round  \ 
a  ruddy  red  color,  measuring  from  4  to  5  minutes 
S  ameter,  being  about  one  sixth  part  of  the  moon's  diameter.     Twenly-s! 
)  more  brilliant  than  the  planet  Venus,  and  of  resplendent  whiteness ; 
J  raainder  had  the  appearance  of  stars  from  the  first  to  the  third  magnitude,  their  ) 
J  colors  varying  between  blue,  yellow,  and  orange. 

On  the  night  of  the  11th  of  November,  1833,  M.  Tharand,  a  retired  o 
It  Limoges,  stated  that  workmen  who  were  employed  in  laying  the  foundation  of  J 
he  bridge  over  the  river  Vieniie,  observed  the  firmament  brilliant  with  meteors, 
!  which  at  first  only  amused  them,  but  after  some  hours  the  number  and  splen- 
5  dor  of  these  luminous  appearances  were  so  greatly  augmented,  that  the  people 
i  seized  with  panics,  and  so  great  was  their  terror,  that  they  abandoned  J 
■  labor  and  flew  to  their  families,  exclaiming  that  the  end  of  the  world  f 
j  had  arrived.     On  the  next  day  these  people  were  interrogated  on  the  subjec 
)  and  their  accounts  varied  according  to  the  different  impressions  which  had  ) 

<  been  produced  on  their  imaginations.     Some  declared  that  they  saw  streams  J 
J  of  blue  fire  ;  others  that  they  beheld  bars  of  red  iron  crossing  each  other  in  \ 

<  all  directions  ;  others  that  they  beheld  an  immense  quantity  of  flying  rockets. 
)  All  agreed  that  the  phenomena  were  difiused  over  every  part  of  the  hrmament ; 
(  that  they  commenced  at  eleven  o'clock,  and  continued  till  four  the  next 
j  morning. 
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THE     EAfiTH. 
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Its  annual  Motion.—Ellipiic  Form  of  its  Orbit,— Proofs  of  its  nDHoal  Motion  from  the  Theory 
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Night.— Weight  of  the  Earth,— Maelieljne'a  Esperimcnt.— Caycndish's  Esperimeul.— Their  Ac-  ( 
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THE    EARTH. 


Locke  somewhere  observes,  with  his  usual  felicity  of  ihustralion,  that  the 
"  mind,  like  the  eye,  while  it  makes  us  see  and  perceive  all  other  things,  can 
never  turn  its  view  with  advantage  upon  itself."  We  encounter  something 
similar  to  this  in  our  researches  through  the  universe  ;  for  of  all  the  objects 
which  compose  it,  one  of  the  most  difficult  with  which  to  obtain  a  complete 
and  accurate  knowledge  is  the  planet  which  we  inhabit.  The  cause  of  this 
is  our  proximity  to  it,  and  intimate  connexion  with  it.  We  are  confined  upon 
its  surface,  from  which  we  cannot  separate  ourselves.  We  cannot  obtain  a 
bird's-eye  riew  of  it,  nor  at  any  one  time  behold  more  than  an  insignificant 
portion  of  its  surface.  We  have  the  same  difficulty  in  obtaining  an  acquaint- 
ance with  it  that  a  microscopic  animalcule  would  have  in  acquiring  a  perfect 
knowledge  of  the  form  and  dimensions  of  a  terrestrial  globe  twelve  inches  in 
"ameter,  on  the  surface  of  which  it  creeps. 

Still,  by  a  variety  of  indirect  methods  supplied  by  the  ingenuity  of  scientific 
h,  we  have  been  enabled  to  ascertain  its  form,  and  dimensions,  and 
physical  constitution,  with  a  considerable  degree  of  accuracy. 


The  first  impression  produced  upon  the  eye  of  an  observer,  who  has  not 

carried  his  inquiries  further,  is,  that  the  surface  of  the  earth  is  a  flat  plane,  in- 

\  terrupted  only  by  the  iner[ualities  of  the  land.     A  little  careful  observation, 

J  however,  upon  the  many  phenomena  which  are  easily  accessible  to  every  i 

J  observer,  wiil  correct  this  erroneous  impression.  ( 

1,  It  is  well  known  that  if  a  voyage  were  made  upon  the  earth,  continually  i 

ing  one  and  the  same  direction,  or  doing  so  as  nearly  as  circumstances 

II  permit,  we  should  at  length  arrive  at  the  place  from  which  we  departed.  ; 

[  If  the  earth  were   an  indefinite  plane,  this  could  not  happen.     It  is  evident, 

lat  whatever  be  the  exact  form  of  the  earth,  it  is  a  body  which  is  on 
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(  every  side  limited,  and  one  which  must  therefore  have  such  a  surface  that  a 
!  traveller  or  navigator  can  completely  surround  it  in  one  continuous  course. 
Let  us  see,  however,  whether  we  may  not  obtain  evidence  more  distinct  as 
to  its  form.     If  we  stand  on  the  deck  of  a  ship  at  sea,  and  out  of  sight  of  land,  i 
the  view  beingbounded  only  by  sea  and  sky,  and  look  at  the  horizon  whei 
ship  approaches,  we  shall  at  first  see  its  topmast  rising  out  of  the  water  like 
S  pole.     As  it  gradually  comes  nearer  to  us,  more  of  the  maat  will  become  vi 
5  ble,  and  the  sails  will  be  seen — cut  off,  however,  horizontally,  by  the  line  ^  J 
;  which  the  water  and  sky  unite.     Upon  the  nearer  approach  of  the  ship,  the  ) 
1  will  at  length  become  visible.     Now,  since  this  takes  place  on  all  sides  J 
)  around  us,  it  will  follow  that  when  the   ship  is  at  a  distance,  there  must  be 
5  something  interposed  between  the  eye  and  it  which  intercepts  the  view  of  it ; 
as  the  surface  of  the  water  is  generally  imiform,  and  not  subject  to  sudden 
J  and  occasional  inequalities  like  that,  of  the  land,  we  can  only  imagine  its  geo- 
\  eial  form  to  be  convex,  and  that  its  convexity  is  interposed  between  the  eye  j 
ind  the  object  so  as  to  intercept  the  view.  i 

Since  the  same  effects  are  observed  from  whatever  direction  the  ship  may  ( 
S  approach,  it  will  follow  that  the  same  convexity  must  prevail  on  every  side.  J 
If  we  admit  the  earth  to  be  globular,  or  nearly  so,  and  the  surface  of  the  ( 
ater  to  partake  of  this  figure,  1,  the  manner  in  which  a  ship  becomes  visible  J 
1  approaching  the  eye  will  be  easily  and  simply  explained. 
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h  d    h  h  p  frequentlj    s  n    s  bio  a  a  d     ance  at  \ 

hi  h     m       b  b     f      h  rposition  ol  some  o  he    obj  h     may  J 

be  tested,  and  m  fact  is  frequently  tested  at  sea  by  mounting  to  the  masthead,  \ 
whence  the  seaman  being  enabled  to  overlook  the  convexity,  sees  vessels  which  \ 
are  invisible  from  the  deck,  athough,  strictly  speaking,  he  is  nearer  to  those  / 
vessels  on  the  deck  than  at  the  masthead.  \ 

When  the  mariner,  after  completing  a  long  voyage,  discovers  by  his  obser-  J 
vations  and  reckonings  that  he  is  approaching  the  desired  coast,  he  ascends  K 
the  topmast  and  looks  out  for  the  appearance  of  mountains  or  other  elevatet 
land,  and  he  invariably  sees  them  from  that  point  long  before  they  are  visible  \ 
from  the  deck.  He  afterward  sees  them  from  the  deck  long  before  the  gen- 
eral level  of  the  country  will  be  observed  by  him.  Ail  these  are  natural  and 
necessary  consequences  of  the  convexity  of  the  sHffaco  of  the  ocean.  The 
same  effects  would  be  seen  in  any  part  of  a  continent  which  is  safRciently  free 
from  mountains  and  other  inequalities. 

But  we  have  a  still  more  conclusive  and  convincing  proof  of  the  general 
form  of  th»  earth  even  than  those  which  have  been  explained.     When  the 
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moon  passes  directly  behind  the  earth,  s     h      1       1    d  1 

jecls  behind  it  in  the  direction  opposi  h  **  II  f  II 

■    we  invariably  find  that  shadow  to  be,  ly 

such  exactly  as  one  globe  would  proje        p       h  f         I 

Now,  as  this  takes  place  always,  in  wh  po  h 

while  the  earth  is  revolving  rapidly  w  h        d         1 
follows  that  the  earth  must  either  be  a 
a  globe  that  its  deviation  from  that  figur 

We  may,  then,  consider  it  demonstr     d    h 
regarded  as  globular  in  its  form.     We    h  11  h        1  t  I    i  I    a 

parts  from  the  spherical  figure,  but  our  p  p    p  11  b    b  d 

by  regarding  it  as  a  globe. 

The  objection  will  doubtless  occur  tom        mdl       h         qlyhh 
exists  on  the  surface  of  that  portion  ofhglbh  dljld       p 

ciallythe  loftier  ridges  of  mountains,  such  as  the  Andes,  the  Alps,  the  Hima- 
laya, and  others,  are  incompatible  with  the  idea  of  a  globular  figure.  If  the 
term  globular  figure  were  used  in  the  strictest  geometrical  sense,  this  objection 
doubtless  would  have  great  force.  But  let  us  see  the  real  extent  of  this  pre- 
sumed devialion  from  the  globular  form.  The  highest  mountain  on  the  surface  of 
the  globe  does  not  exceed  five  miles  above  the  general  level  of  the  sea.  The 
entire  diameter  of  the  globe,  as  we  shall  presently  see,  is  eight  thousand  miles. 
The  proportion,  then,  which  the  highest  summit  of  the  loftiest  mountains  bears 
to  the  entire  diametor  of  the  globe  will  be  that  of  five  to  eight  thousand,  or  one 
to  sixteen  hundred.  If  we  take  an  ordinary  terrestrial  globe  of  sixteen  inches 
in  diameter,  each  inch  upon  the  globe  will  correspond  to  five  hundred  miles 
upon  the  earth,  and  the  sixteen  hundredth  part  of  its  diameter,  or  the  hundredth 
part  of  an  inch,  will  correspond  to  five  miles.  If,  then,  we  take  a  narrow  strip 
of  paper,  so  thin  that  it  would  take  one  hundred  leaves  to  make  an  inch  in 
thickness,  and  paste  such  a  strip  on  the  surface  of  the  globe,  the  thickness  of 
the  strip  would  represent  upon  the  sixteen-inch  globe  the  height  of  the  loftiest 
mountain  on  the  earth.  We  are  then  to  consider  that  the  highest  mountain- 
ranges  on  the  earth  deprive  it  of  its  globular  figure  only  in  the  same  degree 
and  to  the  same  extent  as  a  sixteen-inch  globe  would  be  deprived  of  its  globu- 
lar figure  by  a  strip  of  paper  pasted  upon  it  the  hundredth  part  of  an  inch 
thick. 
(  ■  It  is  supposed  that  the  greatest  depth  of  the  ocean  which  covers  any  portion 
>  of  the  globe  does  not  exceed  the  greatest  height  of  the  mountains  upon  the 
<  land.  If  this  be  true,  the  ocean  upon  the  earth  might  be  represented  by  a  film 
5  of  liquid  laid  with  a  camel's-hair  ptncil  upon  the  surface  of  a  sixteen-inch 
\  globe. 

;       It  is  apparent,  therefore,  that  depths  and  heights  which  appear  to  the  com- 
'    non  observer  to  be  stupendous,  are  nothing  when  considered  with  reference  j 
o  the  magnitude  of  the  earth ;  and  that,  so  far  as  they  are  concerned,  we  may  i 
J  practically  regard  the  earth  aa  a  true  globe. 


THE   MAONITUDE   OF   THE    EARTH. 

laving  ascertained  satisfactorily  the  figure  of  the  earth,  our  next  inquiry  ) 
it  be  as  to  its  magnitude  ;  and  since  it  is  a  globe,  all  that  we  are  required  i- 
S  know  is  the  length  of  its  diameter. 

If  a  line  were  described  surrounding  the  globe,  so  as  to  form  a  circle  upon  < 

t,  the  centre  of  which  should  be  at  the  centre  of  the  globe,  such  a  circle 

)  called  a  greal  circle  of  the  earth.     Now  if  we  know  the  length  of  the  circi 

)  ference  of  such  a  circle,  we  could  easily  calculate  the  length  of  its  diameter,  > 
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he  proportion  of  the  circumference  to  the  diameter  is  exactly  known.    But 
could  calculate  the  circumference  if  we  knew  the  length  of  one  degree 
!  upon  it,  since  we  know  that  the  circumference  consists  of  three  hundred  and  J 
!  sixty  degrees ;   we  should  therefore   only  have   to  multiply  the  length  of  one  J 
\  degree  by  three  hundred  and  sixty  to  obtain  the  circumference,  and  should  J 
I  thence  ctjculate  the  diameter. 

On  another  occasion,  in  our  discourse  upon  latitudes  and  longitudes,  it  ■ 
I  shown  how  the  latitude  of  a  place  can  be  ascertained.     Now,  let  us  suppose  ? 
J  two  places  selected  which  are  upon  the  same  meridian  of  the  earth,  and  there-  5 
}  fore  have  the  same  longitude,  and  which  are  not  very  far  removed  from  each  ) 
J  other.     Let  them,  moreover,  be  selected  so  that  ihe  distance  between  them  c 
I  be  easily  and  accurately  measured.     Now  let  the  latitude  of  these  two  places 
J  exactly  determined,  and  let  us  suppose  that  the  difference  between  these  ti 
i  latitudes  is  found  to  be  one  degree  and  a- half ;  and  suppose  also  that  on  mei 
J  uring  the  distance  between  ihem,  that  distance  is  found  to  be  one  hundred  a 
{  four  miles  and  thirty-five  hundredths.     We  should  thence  infer  that  such  must  ( 
(  be  the  length  of  one  degree  and  a  half  of  the  earth's  surface,  and  that  conse- 
J  quenily  the  lengih  of  one  degree  would  be  two  thirds  of  this,  or  sixty-nine  and  ■ 
a  half  miles.     Having  thus  found  the  length  of  a  degree,  we  should  have  to  [ 
\  multiply  it  by  three  hundred  and  sixty,  by  which  we  should  obtain  the  circum-  . 
!  ference  of  the  earth.     This  would  give  twenty-five  thousand  and  twenty  miles,  ' 
j  and  we  should  then  find  by  the  usual  mode  of  calculation  the  diameter  of  the  ( 
!  earth,  which  would  prove  to  be  a  little  under  eight  thousand  miles.  ^ 

We  have  made  these  caicuiations  chiefly  with  a  view  of  rendering  the  prin-  . 
S  ciples  of  the  investigation  intelligible.  The  more  exact  dimensions  of  the  ; 
I  earth  will  be  explained  hereafter. 

We  conclude,  then,  that  the  earth  is  a  globe  eight  thousand  miles  in  di-  ' 
^  ameter. 

ANNUAL   MOTION   OF   THE    EARTH. 

We  have  on  other  occasions  shown  that  the  distance  of  the  earlh  from  the  \ 
iun  may  be  expressed  in  round  numbers  by  one  hundred  millions  of  miles.    It 
s  more  exaclly  ninety-five  millions  of  miles. 

We  have  also  considered  in  general  the  path  of  the  earth  in  its  annual  course 
I  round  the  sun  to  be  a  circle,  in  the  centre  of  which  the  centre  of  the  sun  is 
)  placed.     This  is  nearly  but  not  exactly  true.     That  the  path  of  the  earth  is 
J  not  a  circle  wiih  the  sun  in  hs  centre,  h^  been  ascertained  by  the  following  } 
I  observations. 

In  astronomical  telescopes  there  are  placed  by  a  particular  arrangemer 
)  within  the  eye-pieces,  certain  very  fine  threads  or  wires,  which  are  extended  1 
J  parallel  to  each  other  across  the  field  of  view.     These  wires  are  so  constructed  j 
S  thai,  by  a  simple  mechanical  contrivance,  they  may  be  moved  toward  each  other, 
(  preserving,  however,  their  parallehsm.      The    mechanism   which  so  moves  i 
i  them  is  made  to  measure  exactly  the  distance  between  them.  | 

J       When  such  a  telescope  is  presented  to  the  sun  or  moon,  the  wires  may  al-  i 
S  ways  be  so  adjusted,  by  turning  a  screw,  that  one  of  them  shall  touch  the  upper  S 
(  and  the  other  the  lower  limb  of  the  disk,  as  represented  in  the  annexed  dia- 
)  gram,  fig.  3,  where  S  represents  the  disk  of  the  sun,  and  A  B  and  C  D  the 

Jow  let  us  suppose  that  a  telescope  is  pointed  to  the  sun,  and  the  wires  so 
<  adjusted  that  they  shall  exactly  touch  the  upper  and  lower  limbs.  Let  the  ob- 
)  server  then  watch  from  day  to  day  the  appearance  of  the  sun  and  the  positio 
j  of  the  wires :   he  will  find  that,  after  a  certain  time,  the  wires  will  no  longe 
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S  touch  ihe  sun,  bul  will  p 
?  nesed  figure,  3. 


3  Tall  a  little  within  il 


And  after  a  further  lapse  of  time,  he  will  find,  on  iho  other  hand,  that  they 
[  fall  a  little  without  it,  as  in  the  following  figure,  4, 


Now,  as  the  wires  throughout  such  a  series  of  observations  are  maintained 
J  always  in  the  same  position,  it  follows  that  the  disk  of  the  sun  must  appear 
5  smaller  at  one  lime,  and  larger  at  another — that,  in  fact,  the  apparent  magni- 
J  tude  of  the  sun  must  be  variable.  It  is  true  that  this  variation  is  confined  withm 
?  very  small  limits,  but  still  it  is  distinctly  perceptible.  What,  then,  it  may  be 
t  askpd,  must  be  its  cause  ?  Is  it  possible  to  imagine  that  the  sun  Teally  vnder- 
(  goes  a  change  in  Us  site  ?  This  idea  would,  under  any  circumstances,  be  ab- 
j  surd  ;  but  when  we  have  ascertained,  as  we  may  do,  that  the  change  of  apparent 
?  magnitude  of  the  sun  is  regular  and  periodical — that  for  one  half  of  the  year 
j  it  continually  diminishes  until  it  attains  a  minimum,  and  then  for  the  next  half 
!  year  it  increases  until  it  attains  a  maximum— such  a  supposition  as  that  of  a 
}  real  periodical  change  in  the  globe  of  the  sun,  becomes  altogether  mcredible 

If,  then,  an  actual  change  in  the  magnitude  of  the  sun  be  impossiMe,  there 
s  but  one  other  conceivable  cause  for  ibe  change  in  its  apparent  magnitude- 
(  which  is,  a  corresponding  change  in  the  earth's  distance  from  it.     If  the  eirih 

J  time  be  more  remote  than  at  another,  the  sun  will  appear  proportionally  , 
\  smaller.     This  is  an  easy  and  obvious  explanation  of  the  changes  ot  appear- 
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!  such  a  motion,  being  placed  in  the  centre  and  at  rest,  we  should  see  the 
(  progressively  moving  round  us ;  we  should  project  his  disk  among  the  stars,  ' 
(  and  the  apparent  motion  would  be  to  ua  what  it  is.  But  it  is  most  necessary  ? 
reflect  that  the  very  same  effect  would  be  produced  without  a  single  change  S 
circumstance,  if, instead  of  the  earth  being  al.reatand  the  sua  moving  round  I 
I  it,  the  sun  were  at  rest,  and  the  earth  were  carried  annually  round  it.     Such  a 

n  of  the  earth  would  cause  the  sun  to  be  successively  seen  at  all  points  } 
J  of  the  ecliptic  at  which  it  is  seen  throughout  the  year  ;  and,  in  short,  woi 
!  give  to  the  sun  exactly  the  same  apparent  motion  which  it  appears  to  us 
f  have.     It  is  therefore  evident  that  the  annual  motion  of  the  sun  will  be  < 
!  plained  with  equal  clearness,  and  would  be  equally  produced  or  caused,  either  \ 
i  by  its  own  motion  round  the  earth,  or  by  the  annual  motion  of  the  earth  round 
There  is  nothing  in  the  appearance  of  the  sun  itself  which  would  give  a 
jference  or  confer  a  greater  probability  on  either  of  these  suppositions  rather 
J  than  the  other.     If  we  are  to  choose  between  them,  we  must  therefore  seek  { 
the  grounds  of  choice  in  some  other  circumstances. 

"  It  the  long-continued  and  deeply-rooted  opinion  that  the  sun  and  not 

i    earth  moves,  must  have  had  some  natural  and  intelligible  grounds.     These  i 

I    grounds  undoubtedly  arose  from  impressions  that  if  the  earth'moved,  we  should  \ 

in  %ome  way  or  other  be  sensible  of  its  motion  ;  more  especially  if  that  mo 
■  had  the  enormous  velocity  which  must  he  imputed  to  the  earth  if  it  be  granted  ( 
hat  it  moves  round  the  sun  at  all. 

But,  on  the  other  hand,  it  must  be  considered  that  we  are  conscious  of 
ion  through  (he  senses  only  by  observing  the  relative  change  of  position  of  si 
external  sensible  objects.     We  see'  the  mutual  distance  and  relative  position  I 
of  two  or  more  visible  objects  change,  and  we  infer  immediately  that  some  e 
ir  other  of  them  must  have  moved.     We  can  be  rendered  sensible  of  the  « 
ion  of  the  room  we  occupy,  or  of  the  ground  upon  which  we  stand,  only  by  j 
)  some  derangement  of  the  position  of  these  relative  to  our  own  body.     But 
[  if  we  could  conceive  all  the  objects  that  surround  us  moving  with  perfect  uni- 
j  forraity  in  a  fixed  direction,  and  that  our  own  bodies  should  participate  in  the 
"  '       '         w  evidence  by  which  we  could  ascertain  the  ex- 
Tkis  will  be  clear  to  every  one  by  considering  ( 
are  in  the  cabin  of  a  boat  which  is  drawn  uni-  , 
we  cannot  look  at  the  banks  of  the  river  or  canal,  i 
iconscious  that  the  boat  is  moving ;  but  if  we  | 
f  from  which  we  can  see  the  banks,  the  ■ 
i  first  impression  wiil  be  that  the  banks  are  moving  in  the  contrary  direction  to  5 
)  the  boat,  and  it  is  only  by  reason  and  reflection  that  this  impression  will  be  J 
5  corrected.     If  we  are  in  the  cabin  of  a  steamboat  from  which  we  cannot  look  5 
S  abroad,  the  only  motion  of  which  we  are  conscious  is  the  tremulous  mc 
5  produced  by  the  working  of  the  machinery,  and  we  are  only  conscious  of  this  J 
S  because  it  changes  in  a  slight  degree,  and  momentarily,  the  relative  position  j 
;  of  the  frame  of  the  boat  and  our  own  bodies.     But  we  are  even  then  un 
s  of  the  progressive  motion  of  the  boat. 

will,  then,  be  easily  conceived  that  the  motion  of  the  globe  of  the  earth  J 
S  through  space  being  perfectly  smooth  and  uniform,  we  can  have  no  sen; 

s  of  knowing  it,  except  the  same  which  we  possess  in  the  case  of  a  boat  J 
ig  smoothly  along  a  river :   that  is,  by  looking  abroad  at  some  external  \ 
s  objects  which  do  not  participate  in  the  motion  imputed  to  the  earth.     No 
j  when  we  do  look  abroad  at  such  objects,  we  find  that  they  appear  to  move 
exactly  as  stationary  objects  would  appear  to  move,  seen  from  a  moveable  s 
[  tion  like  the  earth,    'it  is  plain,  then,  even  if  it  be  true  that  the  earth  really  < 
{  has  the  annual  motion  round  the  sun  which  is  contended  for,  that  we  ca 


e  should  then  hav 
e  of  that  motion  at  al. 
'  the  efiecl  produced  when  w 
)  formly  on  smooth  water.     It  v 
1  then  shall  be  entirely  un 
0  look  out  from  a 
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i  expect  to  be  conscious  of  this 
1  OTIC  own  bodies  or  tbose  which 
5  must  look  for  it  elsewhere. 

e  contended  that  the  apparent  motion  of  the  sun,  even  upon  the 
S  argument  just  staled,  may  equally  be  explained  by  the  motion  of  the  earth 
1  round  the  sun,  or  the  motion  of  the  sun  round  the  earth  ;  and  that  therefore  this 
j  appearance  can  still  prove  nothing  positively  on  this  question.  We  have,how- 
}  ever,  other  proofs,  of  a  very  decisive  character. 

J  Newton  showed  that  it  was  a  general  law  of  nature,  and  part,  in  fact,  of  the 
5  principle  of  gravitation,  that  any  two  globes  placed  at  a  distance  from  each 
J  other,  if  they  are  in  the  first  instance  quiescent  and  free,  must  move  with  an 
i  accelerated  motion  to  their  common  centre  of  gravity,  where  they  will  meet 
\  and  coalesce  ;  but  if  they  be  projected  in  a  direction  not  passing  through  this 
J  centre  of  gravity,  they  will  both  of  them  revolve  in  orbits  around  that  point 
(  periodically.  And  in  fact  the  same  will  be  the  case  with  any  number  of 
J  globes  whatsoever,  and  consequently  would  be  applicable  to  the  solar  system 
\  itself. 

Now,  the  centre  of  gravity  of  the  solar  system,  owing  lo  the  immense  pre- 
{  dominance  of  the  mass  of  the  sun  over  all  the  rest  of  the  bodies  composing  ii 
J  situated  within  the  sun,  and  near  its  centre.     All  the  bodies 

<  of  the  system,  and  the  earth  amoiig  them,  must  therefore,  according  to  this  law, 
J  revolve  periodically  round  that  point. 

"  s  the  principle  of  gravitation  itself  may  by  some  be  considered  as  based 
1  upon  some  previous  admission  of  the  motion  of  the  planets,  it  may  be  desirable 
(  to  obtain  a  still  more  direct  and  positive  manifestation  of  the  annual  motion  of 
J  the  earth.     Fortunately,  the  discovery  which  has  been  developed  by  the  labors 

<  of  astronomical  observers  have  put  us  in  possession  of  a  decisive  test,  which 
)  has  been  considered  as  setting  at  rest  for  ever  the  question  of  the  earth's  an- 
(  Dual  motion.  If  the  earth  were  moved  round  the  sun — as  it  certainly  must  be 
j  if  the  sun  is  not  moved  round  it — an  effect  would  be  produced  upon  the  apparent 
j  position  of  the  fixed  stars,  owing  lo  the  combination  of  the  motion  of  hght  with 
>  the  motion  of  the  globe.  Light  is  propagated  from  the  stars  in  straight  lines 
j  with  a  velocity  of  about  two  hundred  thousand  miles  per  second.  The  earth, 
j  if  it  moves  at  all,  moves  with  a  velocity  of  about  twenty  miles  per  second  ; 
(  and  with  this  velocity,  the  eye  of  the  observer  upon  the  earth  strikes  the  light 
J  in  the  direction  of  the  earth's  motion,  while  the  light  itself  comes  in  another 
J  direction.  The  direction  in  which  the  observer  will  see  the  star  will  be  de- 
)  termined  by  the  combined  eifect  of  the  velocity  of  light  and  the  velocity  of  the 
(  earth,  inasmuch  as  the  impact  of  the  light  upon  the  eye  will  be  the  result  of 
J  these  two  motions  ;  thus,  if  the  earth  moved  with  a  velocity  equal  to  that  of 

ight,  the  star  would  be  seen  forty-five  degrees  in  advance  of  its  real  position. 

If  the  earth  moved  with  a  less  velocity,  it  would  be  seen  leas  in  advance  of 

}  its  true  position  in  proportion  to  the  relative  velocity  of  the  earth  and  light. 

Now,  the  velocity  of  the  earth  being  incomparably  smaller  than  that  of  light, 

he  star  ought  to  be  seen  in  advance  of  its  true  position  to  an  extent  which  is 

{  proportionate  to  this  small  ratio,  and  the  deviation  of  the  star  or  planet's  true 

1  should  also  be  in  the  direction  of  the  earth's  motion.     This  effect, 

er,  should  be  found  to  be  produced  upon  all  stars  and  planets  visible  in 

5  the  firmament ;  modified,  however,  in  a  certain  complicated  manner,  according 

o  their  position  with  respect  to  the  orbit  of  tho  earth. 

The  observations  of  Bradley  and  subsequent  astronomers  detected  these 

)  effects  ;  and  as  they  are  everywhere   produced  upon  the  countless  myriads  of 

S  objects  that  glitter  upon  the  firmament,  and  everywhere  produced  in  the  manner 

?  and  degree  exactly  in  which  they  ought  to  be  produced  by  the  earth's  an- 
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n  unanswerable  demonstration  is  obtained  of   h 


We  have  seen  that  the  observation  of  the  sun  establish      < 
j  this  alternative — either  that  the  earth  revolves  round  the  s 

sun  revolves  round  the  earth  annually.     There  is  no     h 
J  would  be  consistent  with  the  phenomena.     Now,  the  effec 
I  the  aberration  of  light,  just  explained,  proves  that  of  the  s  d 
5  live,  that  which  must  be  adopted  is  the  motion  of  the  earth 

There  is  an  instinct  of  the  human  mind  which  leads  it 
5  eries.     The  grounds  on  which  the  annual  motion  of  the  earth 
(  ry  position  of  the  sun  are  demonstrated,  are  modem.     Th     h 
tion  dates  only  from  the  era  illustrated  by  Newton.     The  d 
Ltion  of  Jight  is  still  more  recent;  and  yet  the  first  sugg 
ion  of  the  earth,  and  the  stationary  position  of  the  sun,  d 
era  of  Pythagoras.     It  is  true  that  this  hypothesis  did 
sni  until  it  was  urged  by  the  sagacity  of  Copernicus,  and 
eloquence  and  talenis  of  Galileo  and  Kepler.     But  still  i     ff 
if  one  of  those  wonderful  anticipations  of  human  intellect  ^  h 
istibly  back  lo  the  impression  that  the  mind  is  itself  an  ema 
spirit  which  was  breathed  into  our  nostrils  when  He  who 
the  breath  of  life,  and  made  us  a  living  soul. 


}       While  the  earth  revolves  annually  round  the  sun,  it  has  a  motion  of  rotat 
J  at  the  same  time  upon  a  certain  diameter  as  an  axis  which  is  inclined  from  the  ) 
}  perpendicular  to  its  orbit  at  an  angle  of  23°,  28'.     During  the  annual  moti< 
J  of  the  earth  this  diameter  keeps  continually  parallel  to  the  same  direction,  at 
(  the  earth  completes  its  revolution  upon  it  in  twenty-three  hours  and  fifty-s 

lUtes.  In  consequence  of  the  combination  of  this  motion  of  rotation  of  the  \ 
i  earth  upon  its  axis  with  its  annual  motion  round  the  sun,  we  are  supplied  with  j 
I  the  alternations  of  day  and  night,  and  the  succession  of  seasons. 

When  the  globe  of  the  earth  is  in  such  a  position  that  its  north  pole  leans 

}  toward  the  sun,  the  greater  portion  of  its  northern  hemisphere  is  enlightened, 

tnd  the  greater  portion  of  the  southern  hemisphere  is  dark.     This  position  is 

)  represented  in  the  annexed  figure,  6,  where  C  is  the  north  pole,  and  D  the  ) 


}  south  pole.  As  the  earth  revolves  upon  its  axis,  the  parallels  of  the  equator  i 
!  are  unequally  divided  by  the  circles  of  light  and  darkness  ;  the  greater  segment  ) 
I  of  each  of  them  being  illuminated,  and  the  lesser  segment  dark.     The  days  J 
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THE  EARTH. 

Ig      hnhngh  hi)  rthem  hemisphere.     The  ri 

h    h  h        h        ph         or  there  the  greater  segments  of  ) 

ij    k      d  h   1  Rm      s  enlightened ;  the  days  are  there-  j 

h       h        ghta      Upon  h      q  ator,  however,  at  B,  the  circle  of  J 

q    lly  d     d  d       d    h     d  y      nd  nights  are  equal. 

d  h       n      h    h     d  es  exactiy  at  the  opposite  point  of  ! 
lb  m  eversed ;  then  the  days  a 

h      nh  hmhmph        and  the  nights  are  longer  than  J 

hnhrnhmph  A     he  intermediate  point  of  the  earth's 

hoTj     7  wh       h  es  a  position  perpendicular  to  the  t 


direction  of  the  sun,  then  the  circle  of  light  and  darkness. passes  through  the 
poles  ;  all  parallels  in  every  part  of  the  earth  are  equally  divided,  and  there  is 
consequently  equal  day  and  night  all  over  the  globe. 

In  the  annexed  perspective  diagram,  fig.  8,  these  four  positions  of  the  earth  J 
are  exhibited  in  such  a  manner  as  to  be  clearly  intelligible. 

On  the  day  of  the  21st  of  June,  the  north  pole  is  turned  in  the  direction  of 
the  sun  ;  on  the  21sl  of  December,  the  south  pole  is  turned  in  that  direction. 
On  the  days  of  the  equinoxes,  the  axis  of  the  earth  is  at  right  angles  to  the 
direction  of  the  sun,  and  it  is  equal  day  and  night  everywhere  on  the  earth. 

The  annual  variation  of  the  position  of  the  sun  with  reference  to  the  equa- 
tor, or  the  changes  of  its  declination,  are  explained  by  these  motions.  The  { 
summer  solstice — the  time  when  the  sun's  distance  from  the  equator  is  thi 
greatest— takes  place  when  the  north  pole  leans  toward  the  sun  ;  and  the  win 
ter  solstice— or  the  time  when  the  sun's  distance  south  of  the  equator  is  great 
est — takes  place  when  the  south  pole  leans  toward  the  sun. 

In  virtue  of  these  motions,  it  follows  that  the  sun  is  twice  a  year  vertical  a 
all  places  between  the  tropics  ;  and  at  the  tropics  themselves  it  is  vertical  onci 
a  year.     In  all  higher  latitudes  the  point  at  which  the  sun  passes  the  meridian  } 
daily  alternately  approaches  to  and  recedes  from  the  zenith.     From  the  31st 
of  December  untiithe  31st  of  June,  the  point  continually  approaches  the  zenith. 
It  comes  nearest  to  the  zenith  on  the  21st  of  Jun^j  and  from  that  day  until  the  J 
21st  of  December,  it  continually  recedes  from  the  zenith,  and  attains  its  lowest  ) 
position  on  the  latter  day.     The  difference,  therefore,  between  the  meridional  j 
altitudes  of  the  sun  on  the  days  of  the  summer  and  winter  solstices  At  all  plac 
will  be  twice  (wenty-three  degrees  and  twenty-eight  minutes,  or  forty-six  < 
grees  and  fifty-six  minutes.     In  all  places  beyond  the  tropics  in  the  northern  J 
hemisphere,  therefore,  the  sun  rises  at  noon  on  the  21st  of  June,  forty-six 
grees  and  fifty-six  minutes  higher  than  it  rises  on  the  21sc  of  December.  ' 
These  are  the  limits  of  meridional  altitude  which  determine  the  influence  of  ) 
the  sun  in  dilTerent  places. 
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THE  EARTH. 


entire  globe  of  the  earth  would  exert  in  a  body  near  it,  with  ihat  which  ( 

lass  of  matter  of  known  weight,  such  as  a  mountain,  would  exert  upon  the  | 

le  body.     The  mode  of  executing  that  memorahle   experiment  was    as  i 

J  follows :    Let  A  B,  tig.  9,  represent  a  small  portion  of  the  earth's  surface,  ' 


which  may  be  regarded  as  a  plane  ;  let  C  D  represent  a  mountain,  and  let  O  J 
be  supposed  to  be  its  centre  of  gravity.     The  entire  attraction  of  the  mass  of 
the  mountain  will  then  be  exerted  as  if  it  were  concentrated  on  the  point  0. 
The  direction  of  tlie  earth's  altraction  will  be  perpendicular  to  the  plane  A  B. 
Now,  let  L  be  a  weight  suspended  from  any  point ;  M  L  forming  what  is  called  J 
a.  plumb-line.     If  the  weight  L  were  solicited  by  no  force  except  the  earth's 
attraction,  the  string  by  which  it  is  suspended  would  take  a  position  at  right  i 
angles  to  the  plane  A  B  ;  but  as  this  plumb-line  is  suspended  near  the  moi 
ain  C  D,  it  will  be  attracted  by  the  gravitation  of  ihe  mass  of  the  mount 
which  will  be  exerted  in  the  direction  M  O  toward  the  centre  of  gravity  of  the  t 
mountain.     If  we  could  imagine  the  globe  of  the  earth  on  which  the  motmtain  , 
rests  removed,  and  ihe  mountain  alone  to  remain  near  the  plumb-line,  then  the  ' 
weight  L  would  be  drawn  in  the  direction  M  0,  and  the  string  M  L  suspend-  ' 
ing  it  would  take  that  direction  ;  for  in  that  case,  the  only  force  by  which  L  j 
would  be  attracted  would  be  the  gravitation  of  the  mountain,  which  takes  place 
in  the  direction  M  0.     If,  on  the  other  hand,  the  mountain  were  removed,  and  ■ 
the  earth  alone  left  to  affect  the  plumb-line,  it  would  take  the  usual  direction,  [ 
M  L,  perpendicular  to  A  B  ;  but  in  the  case  actually  supposed,  the  weight  L  is  ■ 
Bolicited  at  the  same  time  by  both  attractions — by  the  attraction  of  the  globe  ' 
of  the  earth  drawing  it  perpendicularly  to  A  B,  and  by  the  attraction  of  the  < 
mountain  drawing  it  in  the  direction  M  0.     By  the  common  principles  pf  a 
chanics,  the  weight  L  will  in  this  case  take  a  direction  M  L',  intermediate  I 
between  M  L  and  M  0,  leaning  toward  the  mountain  hut  very  slightly,  in- 
asmuch as  the  attraction  of  the  mountain  is  incomparably  less  than  that  of  the  J 
earth. 

Now,  if  we  could  exactly  ascertain  the  degree  in  which  the  plumb-line 
deflected  from  its  true  vertical  position  by  the  attraction  of  the  mountain,  that  \ 
deviation  or  dctlection  will  enable  ns  immediately  to  estimate  the  proportioi 
which  the  attraction  of  the  mountain  bears  to  the  whole  attraction  of  the  earth,  ', 
and  Ihat  proportion  would  be  the  same  as  that  which  the  weight  of  the  mo 
tain  or  the  mass  of  matter  contained  in  it  bears  to  the  mass  of  matter  contained  J 
in  the  globe  of  the  earth.     But  where  the  deviation  of  the  plumb-line  is 
small,  and  where  any  ordinary  lest  of  its  deviation  would  be  affected  by  the  J 
same  cause  as  the  plumb-line  itself,  there  would  be  a  difficulty  in  determin- 
ing it. 

If  the  plumb-line  were  undisturbed  by  the  mountain,  its  direction  ought  to  ' 
point  to  a  star  in  the  zenith  of  the  place  of  the  observer  ;  but  being  dis-  , 
lurbed  by  the  attraction  of  the  mountain,  it  will  point  to  a.  star  at  one  aide  of  j 
the  zenith — say,  for  example,  to  the  east  of  it. 
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V  that  another  plumh-hne  is  suspended  similarly  on  the 
j  opposite  side  of  the  mountain,  to  ml :  it  ia  evident  that  the  attraction  of  the 
lountain  will  draw  the  plumb-line  in  this  case  in  a  direction  opposite  to  that  < 
I  which  it  draws  the  former.     Both  plummets  will  be  drawn  toward  the  j 
lOuntain ;  and  if  the  string  suspending  one  be  made  to  poitit  a  Ijttle  to  the  \ 
J  eastward  of  the  zenith,  the  string  suspending  the  other  will  be  made  to  point  a 
(  little  to  the  westward  of  it. 

By  due  attention  to  this  circumstance,  we  shall  easily  find  the  real  deviation  S 

)  of  the  plumb-line  from  the  zenith.     Let  the  points  in  the  heavens  to  which  the  J 

(  two  plumb-lines  are  respectively  directed  be  accurately  observed  :  one  of  these  S 

{  points  will  be  as  much  to  the  eastward  as  the  other  will  be  westward  of  the  5 

)  true  zenith.     If  we  take  half  the  space  between  them,  that  will  be  the  devi 

ion  of  the  direction  of  the  plumb-iine  from  the  zenith,  or,  in  other  words,  it  ; 

vill  be  the  actual  deviation  of  the  plumb-line  from  the  true  vertical  directio 

We  have  then  the  amount  of  the  deflection,  and  can  therefore  calculate  the  J 

J  proportion  which  the  mass  of  the  earth  bears  to  the  mass  of  the  mountain.     If,  / 

then,  we  knew  the  mass  of  the  mountain,  we  should  necessarily  know  the  m 

of  the  earth. 

The  mountain  on  which  Dr.  Maskelyne  tried  this  celebrated  experiment  J 

was  Schehallien,  in  Wales.     The  geological  structure  of  this  mountain  ■ 

?  known,  and  the  magnitude  and  nature  of  its  stratification  had  been  ascenair 

i  The  weight,  therefore,  of  the  materials  that  composed  it  was  easily  calculated,  , 

\  and  thus  the  weight  of  the  mountain  obtained. 

By  computing  thence,  by  moana  of  the   experiments  just  described, 
veight  of  the  earth,  it  was  found  to  be  about  five  times  the  weight  of  its  0 
S  bulk  of  water. 

lethod  adopted  by  Cavendish  for  solving  this  problem  depended  o 
}  dilTerent  mechanical  principle.  It  is  well  known  that  the  vibrations  of  the  \ 
a  pendulum,  used  as  a  measure  of  time  in  clocks,  are  produced  by  the  S 
m  of  the  globe  of  the  earth  on  the  matter  composing  the  ball  or  disk.  , 
(  If  that  attraction  were  greater,  its  vibration  would  be  more  rapid ;  if  it  were  J 
)  less,  it  would  be  slower ;  in  short,  the  rate  of  vibration  of  the  pendulum  ia  th 
(  exponent  of  the  energy  of  force  by  which  it  is  moved. 

3,  then,  two  globes,  containing  different  quantities  of  attractiv 
r  these  globes  two  pendulums  to  be  placed,  each  pendului 
i  being  kept  in  a  state  of  vibration  by  their  attraction  1  by  noting  the  rates  J 

of  vibration  of  these  two  pendulums,  we  should  be  enabled  to  compare  t 
)  relative  quantities  of  matter  in  the  two  globes.     In  making  this  comparisc 
5  however,  there  are  several  circumstances  which  should  be  attended  to,  which  f 
;  need  not  be  particularly  adverted  to  here.     Cavendish  adopted  this  principle 
s  the  basis  of  his  method  for  determining  the  weight  of  the  earth.     He  took  i 


a  large  globe  of  metal,  of  km 
(  position  a  fine  vertical  needl 
S  centre  of  gravity,    Th     fi 
J  susceptibility  of  vibr  n 

\  the  filament  by  which      w 
<  directed  to  the  centr      1    h     n 
j  bration  near  it,  subjec         h        m 

n  pendulum  is    if       d  n 
{  rate  of  vibration  of  thi   h  1  p 

{  vibration  of  the  ordin  rj  p     d  lum 

)  obta       \         m 
5  bore  to  the  avtraction    f   1     m      11 
I  Having  computed  the     e    h    w    gl 


ight,  and  suspended  near  it  in  a  horizontal  \ 
the  point  of  suspension  corresponding  with  il 
f  h         th  action  was  thus  neutralized,    Il 

h  1  pi     e  depended  upon  the  torsion  of  j 

p  nd  d  Th  ball  of  this  pendulum  was  then 
R  11  ^1  b  and  the  pendulum  was  put  in  vi- 
m  h         1  condition  as  those  by  which  a 

1        1      u  f       of  the  earth.     By  observing  the  J 
1  p     d  lum       d  comparing  it  with  the  r; 

he  earth's  attraction.  Cavendish  \ 
on  which  the  earth's 
b  ch  he  used  in  his  experiments.  ) 
rth,  he  arrived  at  a  conclusion  J 
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(  nearly  the  same  as  that  to  which  Dt.  Maskelyne  had  previously  arrived  by  a 
)  different  method.     It  was  thus  finally  established  that  die  weight  of  the  globe   ' 
C  of  the  earth  is  about  five  and  a  half  times  greater  than  the  weight  of  its  o        ' 
S  bulk  of  water. 

It  follows  from  this  that  the  mean  density  of  the  earth  is  five  and  a  half  times  S 
J  greater  tliffla  the  density  of  water.     We  are,  however,  carefully  to  remember  } 
5  that  this  conclusion  affects  the  mean  density  of  the  earth  only.     Now,  as  the 
{  density  immediately  at  its  surface  is  not  nearly  so  great  as  this,  it  follows  that 
i  the  density  of  those  parts  nearer  to  its  centre  must  be  much  greater. 

THE   SEiSONS. 

The  succession  of  spring,  summer,  autumn,  and  winter,  and  the  variations 
of  temperature  of  the  seasons^so  far  as  these  variations  depend  on  the  posi- 
tion of  the  sun — will  now  require  to  be  explained. 

The  influence  of  the  sun  in  heating  a  portion  of  the  earth's  surface,  will  de- 
pend partly  on  its  altitude  above  the  horizon.     The  greater  that  altitude  is,  the  \ 
more  perpendicular  the  rays  wilt  fall,  and  the  greater  will  be  their  calorific  J 

Tq  explain  this,  let  us  suppose  ABC  and  D,  fig.  10,  to  represent  a  beam  of  i 
Fig.  10. 


!  the  solar  light ;  let  C  D  represent  a  portion  of  the  earth's  surface,  upon  which  i 
(  the  beam  would  fall  perpendicularly ;  and  let  C  E  represent  that  portion  on  which  { 
)  it  would  fall  obliquely  ;  the  same  number  of  rays  will  strike  the  surfaces  CD) 
I  and  C  E  ;  but  the  surface  C  E  being  obviously  greater  than  C  D,  the  rays  will  < 

lecessarily  fall  more  densely  on  the  latter;  and  as  the  heating  power  mua 

n  proportion  to  the  density  of  the  rays,  it  follows  that  C  D  will  be  healed  ii 
i  than  C  E  in  just  the  same  proportion  as  C  E  is  greater  than  C  D.     But  ii 
[  would  compare  two  surfaces  on  neither  of  which  the  sun's  rays  fall  perpondic-  J 
>  ularly,  let  us  take  C  E  and  C  F.     They  fall  on  C  E  with  more  obliquity  than  5 
5  on  C  F  ;  but  C  E  is  evidently  greater  than  C  F,  and  therefore  the  rays  being 
I  diffused  over  a  larger  surface,  are  less  dense,  and  therefore  less  effective  in  \ 
\  heating. 

I  The  calorific  effect,  of  the  sun's  rays  on  a  surface  more  oblique  to  their  di-  \ 
\  rection  than  another,  will  then  be  proportionably  less. 

If  the  sun  be  in  the  zenith,  its  rays  will  strike  the  surface  perpendicularly,  | 

ind  the  heating  effect  will  therefore  be  greater  than  when  the  snn  is  in  any  > 
\  other  position.  | 

The  greater  the  altitude  to  which  the  sun  rises,  the  less  obliquely  will  be  ' 
{  the  direction  iu  which  its  rays  will  strike  the  surface  at  noon,  and  the  more  \ 

effective  will  be  their  healing  power.  So  far,  then,  as  the  heating  powi 
S  pends  on  the  altitude  of  the  sun,  it  will  be  increased  with  every  increase 
(  meridian  altitude. 
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■ease  of  temperature,  and  the  heat  of  the  weather  will  have  attained  its  \ 
I  maicitnum. 

But  it  might  occur  to  a  superficial  observer  that  this  reasoning  would  lead  J 

o  the  conclusion  that  the  weather  would  coQtiaue  lo  increase  in  its  tempera 
<  ture  until  the  length  of  the  days  would  become  equal  to  the  length  of  the  S 
}  nights,  and  such  would  be  the  case  if  the  loss  of  heat  per  hour  daring  the 
J  night  were  equal  to  that  gain  of  heat  per  hour  during  the  day.     But  such  is 

LOt  the  case  ;  the  loss  is  more  rapid  than  the  gain,  and  the  consec(uence  is  that 

he  hottest  day  usually  comes  within  the  month  of  July,  but  always  long  before  ) 

he  day  of  the  autumnal  equinox. 
The  same  reasoning  will  explain  why  the  coldest  weather  does  not  usually  i 

iccur  on  the  21st  of  December,  when  the  day  is  shortest  and  the  night  longest, 

ind  when  the  sun  attains  the  lowest  meridional  altitude.     The  decrease  of  the 
\  temperature  of  the  weather  depends  upon  the  loss  of  heat  during  the  night  i 

'    '  ig  greater  than  the  gain  during  the  day  ;  and  until,  by  the  increased  length  ) 
S  (rf  the  day  and  die  diminished  length  of  the  night,  these  effects  are  halanc 


i  the  coldest  weather  will  not  be  attained 

These  observations  must  be  understood 
5  perature  of  the  weather  is  affected  by  the 


applying  only  so  far  as  the  tern-  ' 
n,  and  by  the  length  of  the  days 
There  are  a  variely  of  other  local  and  geographical  causes  which  J 
interfere  with  these  effects,  and  vary  ihem  at  different  times  and  places. 

On  referring  to  the  annual  motion  of  the  earth  round  the  sun,  it  appears  that 
the  position  of  the  sun  within  the  elliptic  orbit  of  the  earth  is  such  that  the 
earth  is  nearest  to  the  sun  about  the  1st  of  January,  and  most  distant  from  it  I 
about  the  1st  of  July.     As  the  calorific  power  of  the  sun's  rays  increases 
the  distance  from  the  eiirih  diminishes,  in  even  a  higher  proportion  than 
change  of  distances,  it  might  be  expected  that  the  effect  of  the  sun  in  heating  l 
the  earth  on  the  1st  of  January  would  be  considerably  greater  than  on  the  1st  J 
of  July.     If  this  were  admitted,  it  would  follow  that  the  annual  motion  of  the  ( 
earth  in  its  elliptic  orbit  would  have  a  tendency  to  diminish  the  cold  of  the  ) 
winter  in  the  northern  hemisphere,  and  mitigate  the  heat  of  summer,  so  as  I 
certain  extent  to  equalize  the  seasons ;  and  on  the  contrary,  in  the  southern  ) 
hemisphere,  where  the  1st  of  January  is  in  the  middle  of  summer  and  the  1st 
of  July  the  middle  of  winter,  its  effects  would  be  to  aggravate  the  cold  in  winter 
and  the  heat  in  summer.     The  investigations,  however,  which  have  been  made  J 
in  the  physics  of  heat,  have  shown  that  that  principle  is  governed  by  laws  i 
which  counteract  such  effects.     Like  the  operation  of  all  other  physical  agen-  ( 
cies,  the  sun's  calorific  power  requires  a  definite  time  to  produce  a  given  effect,  > 
and  the  heat  received  by  the  earth  at  any  part  of  its  orbit  will  depend  co 
jointly  on  its  distance  from  the  sun  and  the  length  of  time  it  takes  to  Iraver 
that  portion  of  its  orbit.     In  fact,  it  has  been  ascertained  that  the  healing  pow 
depends  as  much  on  the  rate  at  which  the  sun  changes  its  longitude  as  upi 
the  earth's  distance  from  it.     Now  it  happens  that  in  consequence  of  the  laws  ; 
of  the  planetary  motions,  discovered  by  Kepler,  and  explained  by  New 
when  the  earth  is  most  remote  from  the  sim,  its  velocity  is  least,  and  cot 
queutly  the  hourly  changes  of  longitude  of  the  sun  will  be  proportionally  less.  > 
Thus  it  appears  that  what  the  heating  power  loses  by  augmented  distance,  it  ( 
gains  by  diminished  velocity ;  and  again,  when  the  earth  is  nearest  to  the  sun 
what  it  gains  by  diminished  distance,  it  loses  by  increased  speed.     There  i 
thus  a  complete  compensation  produced  in  the  heating  effect  of  the  sun  by  ) 
the  diminished  velocity  of  the  earth  which  accompanies  its  increased  dis-  ' 

The  place  of  aphelion,  or  the  point  where  the  earth  is  most  distant  from  the  J 
sun,  and  the  place  of  perihelion,  or  the  point  where  it  is  nearest  to  the  sun,  •■"■  ' 
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ascertained  by  observing  when  and  where  the  sun's  diameter  is  least  and  } 
greatest. 

The  diurnal  rotation  of  the  earth  on  its  axis  is  a  fact  which  all  the  world  J 
are  now  so  habituated  to  admit,  and  are  taught  so  early,  that  few  even  think  of  ihe  J 
necessity  of  asking  for  any  demonstration  of  it ;  and  yet  for  thousands  of  years  > 
tbis  fundamental  fact  of  astronomy  was  not  only  not  admitted,  but  any  one  v  ' 
would  have  had  the  temerity  to  have  asserted  it,  would  have  been  deemed  : 
candidate  for  an  asylum  for  insane  persons.  Such  is  the  wonderful  force  of  j 
habit. 

Let  ua,  however,  suppose  ourselves  ignorant  of  this  fact,  and  that  for  the  j 
first  lime  we  should  be  told  that  the  place  we  dwell  on  and  the  ground  ( 
which  we  walk  is  carried  round  the  diameter  passing  through  the  poles  of  the  J 
globe  once  in  twenty-four  hours  ;  thai  if  we  happen  to  be  on  or  near  the  equa- 
tor, we  are  thus  whirled  round  at  the  rate  of  a  thousand  miies  an  hour,  and  that  J 
at  the  latitude  of  forty  to  fifty  degrees  we  should  be  transported  at  about  half  j 
that  speed  :  it  is  surely  conceivable  that  such  an  assertion  heard  for  the  first  ) 
time  would  excite  very  naturally  astonishment  and  incredulity  ;  and  although  / 
habit  has  taught  us  to  assent  lo  it,  reason  must  still  suggest  the  question,  ' 
"  What  arguments  have  induced  mankind  to  instil  into  the  minds  of  the  young  i 
this  principle  as  an  indubitable  fact  1" 

We  direct  our  view  lo  the  firmament,  and  we  see  all  the  objects  upon  it  rise 
in  the  east  and  set  in  the  west,  the  sun  among  the  number.     The  stars  pre- 
serve their  relative  positions  ;  and,  in  short,  all  objects  which  appear  in  the 
■e  as  though  the  motions  did  not  belong  to  them,  but  as  if  the 
ent  was  carried  round  the  earth  every  twenty-four  hours  with 
ition,  carrying  all  the  bodies  which  appear  upon  it  with  that 


f  which  will  with  equal  precision  i 
ther  possible  way,  save  these  two,  , 


j       Now,  (here  are  two  suppositions,  either  o 

i  explain  this  appearance  ;  and  there  is  no  oi 

j  by  which  it  can  be  explained. 

S       It  may  either  be  produced — as  at  the  first  view  it  appears  to  be — by  the  ! 

(  whole  universe  turning  with  a  common  motion  every  twenty-four  hours  round  J 

)  the  globe  of  the  earth,  or  by  the  globe  of  the  earth  itself  turning  on  its 

<  once  every  twenty-four  hours.     How  long  mankind  embraced  by  preferi 

)  the  former  supposition,  will  be  rendered  apparent  by  the  very  etymology  of  the  ) 

i  term  universe"  itself.     Yet,  to  our  apprehension,  informed  as  we  are  of  the  J 

)  magnitudes,  distances,  and  general  structure,  not  of  the  solar  system  only,  but  / 

J  of  the  stellar  universe,  how  eminently  absurd  does  not  such  e 

J  pear !     It  would  compel  us  to  admit,  not  only  that  the  stupendous  globe  of  the  i 

J  sun,  nearly  a  million  and  a  half  times  greater  than  that  of  the  earth,  rev.  ' 

j  every  twenty-four  hours  round  the  earth  at  a  distance  of  one  hundred  roil 

S  of  miles,  but  also  that  the  planets,  including  Jupiter,  fourteen  hundred  ti 

J  and  Saturn,  one  thousand  times  greater  than  the  earth,  the  one  at  four  hundred  ( 

J  millions  of  miles  and  the  other  at  nine  hundred  millions  of  miles  from  the  earth,  ' 

j  have  also  this  inconceivable  motion.     But  this  is  not  all :  we  should  be  forced  \ 

i  to  admit  not  only  that  the  entire  solar  system  whirls  round  the  earth  once  a 

?  day,  but  wo  should  have  to  impute  the  same  diurnal  rotaiion  lo  the  countless 

j  myriads  of  stars  placed  in  regions  of  the  universe  so  distant  that  light  takes 

)  several  hundred  years  to  come  from  them  to  the  earth,  moving  at  the  rate  of 

f  two  hundred  thousand  milps  per  second ;  these  stars,  moreover,  being  suns, 

/  many  of  them  more  stupendous  than  our  own  !    It  will  be  readily  admitted  that  i 

!  such  suppositions  are  invested  with  a  degree  of  improbability  amounting  to  j 
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moral  impossibility.  It  may,  however,  be  asked  how  they  could  have  been  \ 
entertained  by  the  world  for  so  long  a  succession  of  ages.  The  answer  is,  t" 
so  long  as  the  rotation  of  the  universe  round  the  earth  was  admitted,  mankind  \ 
was  ignorant  of  its  vast  dimensions  and  of  the  comparative  insignificance  of  ] 
the  earth,  with  which  every  person  of  ordinary  education  ia  now  more  or  1 
familiar.  The  discovery  of  this  has  been  reserved  for  modem  times,  and  con-  ' 
sequently  the  absurdity  of  the  supposition  that  the  earth  is  at  rest  and  the  ■ 
universe  revolving  daily  round  it  was  not  apparent,  as  it  now  is. 

The  first  demonstration  which  we  have  to  offer  of  the  motion  of  the  earth 
upon  its  axis,  is  what  is  called,  in  the  language  of  schools,  a  disjunctive  syllo- 
gism. 

1.  Either  the  earth  must  turn  diumally  on  its  axis,  or  the  universe  must  J 
turn  diumally  round  it.  ( 

2.  But  it  is  absurd  to  suppose  that  the  whole  universe  should  turn  diumally  ! 
round  the  earth. 

Conclusion.    The  earth  must  therefore  turn  diumally  on  its  axis. 

Although  this  negative  demonstration  be  sufficiently  conclusive  to  satisfy  } 
the  understanding,  it  has  always  been  considered  desirable  that  we  should  i 
obtain  some  positive  and  direct  evidence  thai  the  earth  really  has  this  diurna!  I 
motion.     Now,  an  experiment  has  been  suggested  and  actually  executed,  by  J 
which  a  mechanical  effect  produced  by  the  diurnal  motion  is  actually  exhib- 
ited.    Let  us  suppose  a  lofty  tower  erected  on  the  surface  of  the  earth  ;  the  ) 
lop  of  the  tower  would,  of  course,  be  more  distant  than  its  base  from  the  centre  \ 
of  the  earth  ;  consequently  it  is  evident  that  if  the  earth  had  a  diurnal  motion,  ' 
the  lop  of  the  tower,  in  virtue  of  that  motion,  would  describe  a  greater  circle  J 
than  the  bottom,  and  consequently  would  move  from  west  to  east  with  a  greater  ) 
velocity.     Let  us  suppose,  then,  a  heavy  body,  such  as  a  leaden  bullet,  held  ( 
on  the  top  of  the  tower ;  that  body  would  participate  in  the  velocity  from  west 
to  east  which  the  top  of  the  tower  has  by  the  earth's  diurnal  motion.     If  the 
bullet  were  ihen  disengaged  and  allowed  to  fall  to  the  base  of  the  tower,  it  J 
would  still  retain  the  velocity  which  it  had  at  the  top  of  the  lower,  and  in  ] 
it  would  have  a  downward  motion  and  an  eastward  motion  at  the  same  time.  J 
In  virtue  of  the  downward  motion,  it  would  fall  to  the  ground  at  the  base  of  < 
the  tower ;  but  in  virtue  of  ihe  eastward  motion,  it  would  fait  as  far  to  the  e. 
ward  as  the  top  of  the  tower  would  have  moved  more  than  the  bottom  in 
time  of  its  fall. 

Now  it  must  be  remembered  that  the  motion  of  the  base  of  the  tower  e; 
ward  by  the  diurnal  motion  of  the  earth  ia  less  than  that  of  the  top  of  the  tow 
and  consequently  in  ihe  time  the  ball  would  take  to  fall  from  the  lop  of  the  j 
tower  to  the  ground,  the  base  of  the  tower  would  not  be  as  far  eastward  as  ' 
top  would  move  ;  and  consequently  the  ball  ought  to  be  expected  to  fall  e; 
ward  of  the  foot  of  the  tower  at  a  distance  equal  to  the  difference  between  the  [ 
space  through  which  the  top  and  the  base  would  have  moved  in  the  time 
the  fall. 

But  if  the  tower  and  the  earth  on  which  it  was  built  had  not  this  diurnal  J 
motion,  but  were  at  rest,  then  the  ball  ought  lo  fall  exactly  at  the  foot  of  the 
tower,  or  vertically  under  the  point  from  which  it  was  disengaged.     Thus, 
then,  we  have  a  positive  experiment,  the  result  of  which,  if  rightly  executed  / 
and  accurately  observed,  must  discover  to  us  the  fact  of  the  earth's  motion,  if  j 
such  motion  existed. 

The  experiment  has  been  made  ;  the  question  has  been  asked  ;  nature 
been  submitted  to  cross-examination  by  science :   and  the  secret  has  been  f 
extorted   from   her.      The  ball   has   fallen,  not   at   the  point  vertically  i 
er  the  place  where  it  was  disengaged,  but  eastward  of  that  place  to  the  * 
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Although  ihe  earth  be  aaid  to  be  a  globe  in  the  ordinary  sense  of  the  term, 
(  and  when  extreme  accuracy  is  not  sought,  yet,  strictly  speaking,  it  deviates 
{  from  the  globular  form.  It  has  been  ascertained  that  its  figure  is  that  which 
■  n  geometry  is  called  an  oblate  spheroid.  To  acquire  a  notion  of  this  form,  we 
ave  only  to  imagine  an  oval,  such  as  A  B  C  D,  fig,  11,  to  revolve  upon  its 
hort  axis  B  D.  The  figure  it  would  produce  "by  such  a  revolution  would  be 
n  oblate  spheroid.  It  wili  differ  from  that  of  a  sphere,  inasmuch  as  the  poiai 
5  diameter  B  D  will  be  shorter  than  the  equatorial  diameter  A  C. 


A  familiar  example  of  this  figure  is  presented  by  a  turnip,  or  in  a.  less 
i  aggerated  form  by  an  orange. 

!       The  degree  in  which  the  earth  has  this  peculiar  form  is,  however,  so  very  / 
i  slight,  that  if  we  made  a  model  of  it  in  a  lathe,  the  eye  could  not  discover  that 

'as  not  a  true  globe.     Its  oblateness  could  only  be  detected  by  accurate  ? 

isurement,  or  by  causing  it  to  revolve  in  different  positions  in  the  lathe,  ai 
!  applying  (o  it  a  tool  fixed  on  a  rest.     In  fact,  the  equatorial  diameter  of  the  \ 

>  earth  is  to  the  polar  diameter  in  the  proportion  of  three  hundred  and  one 
J  three  hundred ;  or,  in  other  words,  the  diameter  of  the  equator  exceeds  the  } 
i  length  of  the  polar  axis  by  one  part  in  three  hundred.  If,  then,  we  take  in  J 
5  round  numbers  the  polar  diameter  to  be  eight  thousand  miles,  we  shall  find  the  I 
S  equatorial  diameter  to  be  eight  thousand  and  twenty-six  miles  ;  thus  the  parts  J 
i  of  the  earth's  surface  at  the  equator  are  twenty-six  miles  further  from  the  centre  \ 

>  of  the  earth  than  the  parts  near  the  poles. 
,       Such  being  understood  to  be  the  real  figure  of  our  globe,  it  will  be  asked  ( 
'  how  it  has  been  ascertained  to  be  so.     This  question  may  be  examined  in 

either  of  two  ways — either  as  one  of  theory  or  one  ai  fact.     We  may  show, 
that,  from  the  known  laws  of  mechanics,  a  globe  like  the  earth  revolving  on  an 

'a  in  twenty-four  hours,  must  become  an  oblate  spheroid  of  the  above  dimen- 

18  ;  or  we  may  show  by  measurements  made  on  different  parts  of  the  earth's 

surface,  that  it  is,  in  fact,  such  a  spheroid,  whatever  cause  may  have  imparted  ( 

that  figure  to  it.  } 

It  is  well  known  that  when  any  particle  of  matter  revolves  in  a  circle,  it  has  { 
a  tendency  to  recede  from  the  centre  of  the  circle,  in  virtue  of  what  is  called  S 
cenirifugal  force.  Now  all  points  on  the  surface  of  the  earth  revolve  very  j 
rapidly  in  circles  by  reason  of  the  diurnal  motion  of  the  globe.  Any  point,  for  \ 
example,  on  the  equator,  revolves  in  a  circumference  of  twenty-five  thousand  J 
miles  in  twenty-four  hours,  A  point  at  a  higher  latitude  revolves  in  the  same  S 
time  in  a  less  circle  ;  and  the  circles  of  diurnal  revolution  become  gradually  j 
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I  and  less  as  we  approach  ihe  poles.     Since,  then,  the  centrifugal  force  I 
depends  conjointly  on  ibe  magnitude  of  the  circle  of  revolution  and  the  velociiy  ' 
jf  the  motion,  it  follows  that  it  will  be  less  and  less  as  we  approach  the  poles 
md  greater  and  greater  as  we  approach  the  equator. 

This  force,  however,  exists  at  all  latitudes,  in  a  greater  or  less  degree  of   '. 
energy,  and  it  is  everywhere  directed  from  the  centre  of  the  circle  of  di-  ; 
!  urnal  rotation.     Let  N  O  S,  figure  12,  be  the  earth,  and  E  Q  the  equator. 

Fig.  12 


Let  P  be  a  point  on  the  surface  of  the  earth  anywhere  between  the  equator  i 
J  and  poles.  Since  P  is  carried  by  the  diurnal  motion  round  the  centre  C,  it 
)  will  have  a  tendency  to  fly  from  the  centre  in  the  direction  P  R.  This  ten- 
i  dency  will  be  partially  counteracted  by  its  gravity,  which  acts  in  the  direc- 
)  tion  P  O.  But  since  P  0  is  not  directed  immediately  against  P  R,  the  result  ) 
<  will  be  that  a  particle  of  matter  P  thus  acted  on  will  move  toward  Q.  To  coun 
S  teract  this  tendency,  there  must  be  such  a  protuberance  at  Q  as  will  place  ai 
iclivity  before  P  so  steep  as  to  prevent  its  ascent.  Without  such  a  protuber 
ice,  all  the  fluid  and  loose  matter  on  the  globe  would  nm  toward  the  line. 

1       ff    t    fll  ih'  1  f  n  would  be  lo  causi 


t  appears,  then,   ! 
\  all  loose  matter  p!a    i 

e  toward  the  eq 
}  would  be  no  power 
(be  actually  produced 
!,  then,  supp 
5  revolving  on  an  as  n 

.t  would  be  affected  b     h 
J  cohesive  principle  wh    h  g 
)  stnicture  or  change    f  p 
J  gal  force  would  ther  f       b 
?  to  the  tendency  ab        d 
J  the  regions  about  th      q 
?  form  a  convex  prot  b  ran 
I   the  earth,  so  far  as  the  fluid 
.;  spheroid.     But  this  moveme 
I  rial  protuberance  should  atta 
I   tuberance  as  a  sort  of  mounts 

there  would  be  a  tendency 


h  f 

d  h       f    1 


nfln  d 
b  d  w    1 


f    h 


f    I 


p    feci  globe,  there  j 

Id  consequently  J 

1  w  h  land  and  wa 

!  d  matter  composing  ( 

h      matter,  but  the  i 

d    angement  of  its  J 
fl"      of  the  eenirifu- 

wh    b,  in  obedience  J 

h   nisphere  toward  j 
lly  h  aped  up  so  at 


wh  w     Id  b 

d  h  1 
liter  upon  it  is  concerned,  h  furni  of  an  oblate 
of  the  fluid  would  cease  as  soon  as  the  equato- 
a  certain  limit ;  for  we  may  regard  such  a  pro- 
piled  round  the  equator,  down  the  sides  of  which 
ail,  in  obedience  to  gravitation,  as  would  be  the 

case  down  any  other  declivity. 

The  particles  of  fluid  placed  upon  the  side  of  this  protuberance  would  be  J 

affected  by  two  opposite  forces  :  that  which  would  result  fri 
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would  have  a  tendency  lo  move  them  toward  the  line — that  ia,  ascending  the  ! 
acchvity — while  their  gravity,  on  the  other  hand,  would  have  a  tendency  to  j 
make  them  descend,  or  to  move  them  from  the  acclivity.  When  the  protu-  I 
berance  would  attain  the  limit  at  which  these  two  tendencies  would  become  ) 
equal,  ^o  that  the  descending  force  of  gravity  should  be  equal  lo  the  ascending  ( 
force  proceeding  from  the  rotation,  the  particles  of  the  fluid  would  be  a 
and  would  neither  approach  the  line  nor  recede  from  it.  It  is  within  the  prov- 
ince of  mathematical  physics  to  calculate  what  the  limit  of  this  protuberance  ) 
would  be  which  would  produce  this  state  of  equilibrium,  and  the  result  of  such  I 
calculations  has  given  us  a  form  which  corresponds  nearly  to  that  which  the  } 
earth  ia  actually  found  lo  have. 

But  it  may  be  objected  that  such  reasoning  would  apply  only  to  fluid  r 
upon  the  earth,  whereas  the  oblate  form  is  known  to  belong  to  its  solid  a 
Bs  its  fluid  surface. 

This  circumstance  has  been  explained  in  two  ways.  1,  It  is  said  ih 
earth  in  its  original  formation  was  altogether  fluid  ;  that  ia  that  fluid  s 
received  its  diurnal  rotation,  and  consequently  took  the  form  corresponding  ( 
with  that  rotation  which  we  have  just  explained ;  that,  by  cooling  down,  the  ) 
fluid  matter  partially  hardened  into  a  solid  matter,  leaving  the  liquid  o 
ering  about  two  thirds  of  the  globe. 

But  if  this  original  fluid  state  of  the  globe  be  denied  or  doubted,  and  if  it  b 
maintained  that  the  globe  received  its  revolution  upon  its  axis  when  it  w 
posed  as  it  is,  partly  of  land  and  partly  of  water,  it  is  nevertheless  contended  j 
that  its  present  flgure  is  explicable.     If  a  true  globe,  diversified  by  land  and  by  ) 
water,  received  a  diurnal  rotation  like  that  of  ours,  the  water  would  in  the  first  j 
instance  flow  toward  the  equator,  and  the  geographical  condition  of  the  globe  J 
would  be,  two  polar  continents,  separated  by  an  extensive  equatorial  ocean.  < 
But  after  the  lapse  of  ages,  the  ocean,  washing  continually  upon  the  shores  of  J 
the  continents,  would  cause  the  constant  abrasion  of  their  solid  matter,  which, 
in  the  form  of  mud  and  sand,  would  mix  with  the  liquid  of  the  ocean,  and  would  > 
obey  all  its  tendencies.     In  fact,  in  process  of  time  the  land  by  decadence  and  J 
abrasion  would  obey  the  same  principles  which  would  affect  a  fluid  ;  and  the  ) 
earth  would  at  length,  though  afler  a  long  lapse  of  time,  assume  the  form  of  { 
fluid  equilibrium.  The  present  distribution  of  land  and  water  which  characterizes 
it  has  arisen  from  causes  belonging  more  properly  to  geology  than  astronomy. 

Such  ia  the  theoretical  reasoning  applicable  to  the  form  of  the  earth.  We  are 
still,  however,  required  by  the  rigorous  principles  of  inductive  philosophy  to  J 
ascertain,  as  a  matter  of  fact,  independent  of  all  theory,  the  actual  figure  of  the  \ 
globe.     This  has  accordingly  been  done. 

The  section  of  an  oblate  spheroid  made  by  a  plane  passing  through  the  poles 
is  an  oval,  the  longer  axis  of  which  is  in  the  equator.  It  will  be  evident  upon  J 
mere  inspection  that  the  curvature  of  the  earth  having  such  a  form,  would  in- 
crease as  we  approach  the  equator,  and  diminish  as  we  approach  the  poles ; 
that  is  to  say,  a  piece  of  a  meridian  taken  near  the  equator  would  be  part  of  a 
less  circle  toan  a  similar  piece  taken  near  the  poles.  This  is  equivalent  to  J 
stating  that  a  degree  of  latitude  near  the  equator  would  be  shorter  than  a  ' 
of  latitude  near  the  poles. 

Thus,  then,  the  question  of  the  figure  of  the  earth  is  in  fact  resolved  ii 
measurement  of  a  degree  of  latitude  at  different  parts  of  the  globe. 

Such  measurement  has  accordingly  been  executed  with  great  precision,  and  ) 
it  has  been  found,  as  was  anticipated,  that  the  degrees  of  latitude  become  > 
shorter  as  we  approach  the  equator,  and  longer  as  we  approach  the  jwles 
comparison  of  their  lengths  has  given  the  degree  (hat  characterizes  the  oblate- 
of  the  earth. 
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lut  this  is  not  the  only  test  by  which  the  figure  of  the  earth  has 
J  tained.  If  the  earth  were  a  true  globe  revolving  on  its  axis  in  twenly-four  hours, 
?  the  effect  of  its  revolution  would  cause  gravity  to  diminish  on  approaching  th( 
J  equator,  and  increase  on  approaching  the  poles  ;  for  the  centrifugal  force  du( 
J  to  the  rotation  increasing  toward  the  equator  would  cause  a  greater  diminution 
!  of  gravity  there  than  toward  the  poles,  where  it  lessens.     Now,  it  is  possible 

calculate  the  effect  of  such  centrifugal  force  upon  the  earth  if  it  hai' 

S  figure  of  a  true  globe.     The  effect  of  this  diminution  of  gravity  will  be  a 

(  lained  with  great  exactness  by  observing  the  vibration  of  a  pendulum  in  differ-  ■ 

t  parts  of  the  earth.     It  has  been  already  explained  that  the  m 

ndulum  is  produced  by  the  gravity  of  the  earth  acting  upon  the  ball  of  the  ' 

)  pendulous  body,  and  that  the  greater  the  attraction  of  gravity,  the  more  rapid 

J  will  be  the  vibration  ;  and  vies  vtrsa.     We  cairy,  then,  a  pendulum  alternately  ' 

(  toward  the  equator  and  toward  the  poles,  and  find  invariably  that  its  vibration  \ 

(  is  slower  when  taken  toward  the  equator,  and  more  rapid  when  taken  toward  ' 

S  the  poles.     But  we  find  that  this  variation  in  its  vibration  does  not  correspond  . 

o  that  which  it  ought  to  have  if  the  earth  were  an  exact  globe.     It  is  just  the  ' 

\  variation  which  ought  to  take  place  if  the  earth  were  an  oblate  spheroid,  of  the 

{  form  already  described. 

\       Thus  we  have  two  independent  tests  of  the  figure  of  the  earth,  which  give  \ 
\  accordant  results. 
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LUNAR    IIFLUEICES. 


ff  a  former  occasion  I  examined  the  question  respecting  the  supposed  ? 
ence  of  the  moon  upon  the  weather,  and  demonstrated  that  so  far  as  ac- 
)  tual  observation  has  hitherto  afforded  grounds  for  reasoning,  there  is  no  dis- 
j  coverable  correspondence  between  the  lunar  changes  and  (he  viciasitiidea  of 
(  rain  and  drought  which  can  justify  or  in  any  degree  countenance  the  popular 
J  belief  so  generally  entertained  as  to  dependance  of  change  of  weather  upon  J 
J  the  changes  of  the  moon. 

{       But  meteorological  phenomena  are  not  the  only  effects  imputed  to  our  satel- 
j  lite  ;  that  body,  like  comets,  is  made  responsible  for  a  vast  variety  of  interfe- 
j  rences  with  organized  nature.     The  circulation  of  the  juices  of  vegetables,  the  j 
J  qualities  of  grain,  the  fate  of  the  vintage,  are  all  laid  lo  its  account ;   ;     ' 
J  timber  must  be  felied,  the  harvest  cut  down  and  gathered  in,  and  the  juice 
(  the  grape  expressed,  at  times  and  under  circumstances  regulated  by  the  aspects  J 
\  of  the  moon,  if  excellence  be  hoped  for  in  these  products  of  the  soil. 

According  to  popular  belief,  our  satellite  also  presides  over  human  maladiei 
t  and  the  phenomena  of  the  sick  chamber  are  governed  by  the  lunar  phases 
5  nay,  the  very  marrow  of  our  bones,  and  the  weight  of  our  bodies,  suffer  i 

se  or  diminution  by  its  influence.     Nor  is  its  imputed  power  confined  lo  J 
J  physical  or  organic  effects ;  it  notoriously  governs  mental  derangement. 

If  these  opinions, respecting  lunar  influence  were  limited  to  particular  coun- 
ries,  they  would  be  less  entitled  to  serious  consideration;  but  it  is  a  curious  } 
t  fact  that  many  of  them  prevail  and  have  prevailed  in  quarters  of  the  earth  so  s 
)  distant  and  unconnected,  that  it  is  difficult  lo  imagine  the  same  error  to  ha 
{  proceeded  from  the  same  source.  At  all  events,  the  extent  of  their  pievalei 
)  alone  renders  them  a  fit  subject  for  serious  investigation ;  and  I  propose  at  / 
<  present  to  lay  before  you  suuie  of  the  principal  facts  and  arguments  hearing  o 
j  these  points,  for  the  collection  of  which  we  are  mainly  indebted  to  the  industry  ) 
5  and  research  of  M..  Arago. 

A  large  volume  would  be  necessary  to  analyze  all  the  popular  opinions  ? 
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which  refer  to  the  supposed  lunar  influences.     We  shall  confine  otirselves  J 
therefore  to  the  principal  of  them,  and  shortly  examine  how  far  they  can 
reconciled  with  the  established  principles  of  astronomy  and  physics. 

The  Red  Moon. — It  is  believed  generally,  especially  in  the  neighborhood  of  ( 
Paris,  that  in  certain  months  of  the  year,  the  moon  exerts  a  great  influence 
on  the  phenomena  of  vegetation.     Gardeners  give  the  name  of  Red  Moon  to  { 
that  moon  which  is  full  between  the  middle  of  April  and  the  close  of  May,    Ac- 
cording to  thorn  the  light  of  the  moon  at  that  season  exercises  an  injurious  in- 
fluence upon  the  young  shoots  of  plants.     They  say  that  when  the  sky  is 
clear  the  leaves  and  buds  exposed  to  the  lunar  light  redden  and  are  killed  as 
if  by  frost,  at  a  time  when  the  thermometer  exposed  10  the  atmosphere  stands  ) 
at  many  degrees  above  the  freezing  point.     They  say  also  that  if  a  clouded  J 
sky  intercepts  the  moon's  light  it  prevents  these  injurious  consequences  to  the  J 
plants,  although  the  circumstances  of  temperature  are  the  same  in  both  cases. 

Any  person  who  is  acquainted  with  the  beautiful  theory  of  dew,  which  we 
owe  to  -Dr.  Wells,  will  find  no  difBculty  in  accounting  for  these  effects  errone- 
ously imputed  to  the  moon.     If  the  heavens  be  clear  and  unclouded,  ail  sub-  \ 
■   stances  on  the  surface  of  the  earth  which  are  strong  and  powerful  radiators 
!   heat,  lose  temperature  by  radiation,  while  the  unclouded  sky  returns  no  heat  to  \ 
•■  them  to  restore  what  they  have  lost.     Such  bodies,  therefore,  under  these  c 
cumstances,  become  colder  than  the  surrounding  air,  and  may  even,  if  they 
liquid,  be  frozen.     Ice,  in  fact,  is  produced,  in  warm  climates,  by  simil 
means.     But  if  the  firmament  be  enveloped  in  clouds,  the  clouds  having  the  J 
quality  of  radiating  heat,  will  restore  by  their  radiation,  to  substances  upon  the  ! 
surface  of  the  earth,  as  much  heat  as  such  substances  lose  by  radiation ;  thi 
temperature,  therefore,  of  such  bodies  will  be  maintained  at  a  point  equal  v 
that  of  the  air  surrounding  them. 

Now  the  leaves  and  flowers  of  plants  are  strong  and  powerful  radiators  of  i 
heat ;  when  the  sky  is  clear  they  therefore  lose  temperature  and  may  be  frozen ; 
if,  on  the  other  hand,  the  sky  be  clouded,  their  temperature  is  maintained  for  } 
the  reasons  above  stated. 

The  moon,  therefore,  has  no  connexion  whatever  with  this  eff'ect ;  and  it  is 
certain  that  plants  would  sufier  under  the  same  circumstances  whether  the  j 
moon  is  above  or  below  the  horizon.     It  equally  is  quite  true  that  if  the  m 
be  above  the  horizon,  the  plants  cannot  sufier  unless  it  be  visible  ;  because  a  i 
clear  sky  is  indispensable  as  much  to  the  production  of  the  injury  to  the  plants  i 
as  to  the  visibility  of  the  moon ;    and,  on  the  other  hand,  the  same  clouds  i 
which  veil  the  moon  and  intercept  het  light  give  back  to  the  plants  that  warmth  S 
which  prevents  the  injury  here  adverted  to.     The  popular  opinion  is  there" 
right  as  to  the  effect,  but  wrong  as  to  the  cause ;  and  its  error  will  be  at  once  J 
discovered  by  showing  that  on  a  clear  night,  when  the  moon  is  new,  ; 
therefore,  not  visible,  the  plants  may  nevertheless  suff'er. 

Time  for  felling  Timber. — There  is  an  opinion  generally  entertained  that  iim-  I 
her  should  be  felled  only  during  the  decline  of  the  moon  ;  for  if  it  be  cut  down  ) 
during  its  increase,  it  will  not  be  of  a  good  or  durable  quality.  This  impression  { 
prevails  in  various  countries.  It  is  acted  upon  in  England,  and  is  made  the  j 
ground  of  legislation  in  France.  The  forest  taws  of  the  latter  country  inter-  ' 
diet  the  cutting  of  timber  during  the  increase  of  the  moon.  M.  Auguste  de  | 
Saint  Hilaire  states,  that  he  found  the  same  opinion  prevalent  in  Brazil.  ■ 
Signor  Francisco  Pinto,  an  eminent  agriculturist  in  the  province  of  Espirito  [ 
Santo,  assured  him  as  the  result  of  his  experience,  that  ihe  wood  which  was  ■ 
not  felled  at  the  full  of  the  moon  was  immediately  attacked  by  worms  and  vi 
soon  rotted. 

In  the  extensive  forests  of  Germany,  the  same  opinion  is  entertained  and  acted  \ 
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upon  with  the  most  undoubting  confidence  in  ita  truth.  Sauer,  a  superintendent  of 
some  of  these  districts,  assigns  what  he  believes  to  be  its  physical  cause.  Ac- 
cording lo  him  the  increase  of  the  moon  causes  the  sap  to  ascend  in  the  lim- 
ber ;  and,  on  the  other  hand,  the  decrease  of  the  moon  causes  ita  descent.  If 
the  timber,  therefore,  be  cut  during  the  decrease  of  the  moon  it  will  be  cut  in 
a  dry  slate,  the  sap  having  retired  ;  and  the  wood,  therefore,  will  be  compact, 
solid,  and  durable.  But  if  it  be  cut  during  the  increase  of  the  moon,  it  will  be 
felled  with  the  sap  in  it,  and  will  therefore  be  more  spongy,  more  easily  at- 
tacked by  worms,  more  difficult  lo  season,  and  mote  readily  split  and  warped 
by  changes  of  temperature. 

Admitting  for  a  moment  the  reality  of  this  supposition  concerning  the  motion 
of  the  sap,  it  would  follow  that  the  proper  time  for  felling  the  timber  would  be 
the  new  moon,  liat  being  the  epoch  at  which  the  descent  of  the  sap  would 
have  been  made,  and  the  ascent  not  yet  commenced.  But  can  there  be 
imagined  in  the  whole  range  of  natural  science,  a  physical  relation  more  ex- 
traordinary and  unaccountable  than  this  supposed  correspondence  between  the 
movement  of  the  sap  and  the  phases  of  the  moon  ?  Assuredly  theory  affords 
not  the  slightest  countenance  to  such  a  supposition  ;  but  let  us  inquire  as  to  the 
fact  whether  it  be  really  the  case  that  the  ijjjality  of  timber  depends  upon  the 
state  of  the  moon  at  the  time  it  is  felled. 

M.  Duhamel  Monceau,  a  celebrated  French  agriculturist,  has  made  direct 
and  positive  experiments  for  the  purpose  of  Jesting  this  question ;  and  has 
clearly  and  conclusively  showii  that  the  qualities  of  timber  felled  in  different 
parts  of  the  lunar  month  are  the  same.  M.  Duhamel  felled  a  great  many  trees 
of  the  same  age,  growing  from  the  same  soil,  and  exposed  to  the  same  aspect, 
and  never  found  any  difference  in  the  quality  of  the  timber  when  he  compared 
those  which  were  felled  in  the  decline  of  the  moon  with  those  which  were 
felled  during  ita  increase ;  in  general  they  have  afforded  timber  of  the  same 
quality.  He  adds,  however,  that  by  a  circumstance,  which  was  doubtless  for^ 
tuitous,  a  slight  difference  was  manifested  in  favor  of  timber  which  had  been 
felled  between  the  new  and  full  moon — contrary  to  popular  opinion. 

Supposed  Lunar  Iiifiuence  on  Vegetables. — It  is  an  aphorism  received  by  all 
gardeners  and  agriculturists  in  Europe,  that  vegetables,  plants,  and  trees, 
which  are  expected  to  flourish  and  grow  with  vigor,  should  be  planted,  grafted, 
and  pruned,  during  the  increase  of  the  moon.  This  opinion  is  altogether  erro- 
neous. The  increase  or  decrease  of  the  moon  has  no  appreciable  influence  on 
the  phenomena  of  vegetation  ;  and  the  experiments  and  observations  of  several 
French  agriculturists,  and  especially  of  M.  Duhamel  du  Monceau  {already  al- 
luded to)  have  clearly  established  this. 

Monfanari  has  attempted,  like  M.  Sauer,  to  assign  the  physical  cause  for 
this  imaginary  effect.  During  the  day,  he  says,  the  solar  heat  augments  the 
quantity  of  sap  which  circidatea  in  planta  by  increasing  the  magnitude  of  the 
tube  through  which  the  sap  moves ;  while  the  cold  of  the  night  produces  the 
opposite  effect  by  contracting  these  tubes.  Now,  at  the  moment  of  sunset,  if 
the  moon  be  increasing,  it  will  be  above  the  horizon,  and  the  warmth  of  its 
light  would  prolong  the  circulation  of  the  sap ;  but,  during  its  decline,  it  will  pot 
rise  for  a  considerable  time  after  sunset,  and  the  plants  will  be  suddenly  exposed 
lo  the  unmitigated  cold  of  the  night,  by  which  a  sudden  contraction  of  leaves 
and  tubes  will  be  produced,  and  the  circulation  of  the  sap  as  suddenly  obstructed. 

If  we  admit  the  lunar  rays  to  possess  any  sensible  calorific  power,  this  rea- 
Mning  might  be  allowed  ;  but  it  will  have  very  litde  force  when  it  is  consid- 
ered that  the  extreme  change  of  temperature  which  can  be  produced  by  the 
lunar  light,  does  not  amount  to  the  Uiousandth  part  of  a  degree  of  the  thcr- 


I  losted  by 


Google 


is  a  curious  circumstance  that  ihia  erroneous  prejudice  prevails  on  the  ) 
{  Ameticaa  continent.     M.  Auguste  de  Saint  Miliars  states,  that  in  Brazil  cut-  \ 

ors  plant  during  the  decline  of  the  moon,  all  vegetable  whose  roots  are 
<  used  as  food,  and,  on  the  contrary,  they  plant  during  the  increasing  moon, 
(  the  sugar-cane,  maize,  rice,  beans,  &c.,  and  those  which  bear  the  food  upon  J 
'r  stocks  and  branches.    Experiments,  however,  were  made  and  reported  by  I 
\  M.  de  Chauvalon,  at  Martinique,  on  vegetables  of  both  kinds  planted  at  ditferent  J 
\  times  in  the  lunar  month,  and  no  appreciable  difference  in  their  qualiti 
(  discovered. 

There  are  some  traces  of  a  principle  in  the  rule  adopted  by  the  South  < 
'  American  agronomes,  according  to  which  they  treat  the  two  classes  of  plar 
S  distinguished  by  the  production  of  fruit  on  their  roots  or  on  their  branches  dif-  < 
)  ferently  ;  but  there  are  none  in  the  European  aphorisms.     The  dii 
>  Pliny  are  still  more  specific ;  he  prescribes  the  lime  of  the  lull  moe 
?  ing  beans,  and  that  of  the  new  moon  for  lentils.     "  Truly,"  says  M.  Arago,  ! 

)  have  need  of  a  robust  faith  to  admit  without  proof  that  the  m 

?  distance  of  340,000  miles,  shall  in  one  position  act  advantageously  upon  the  ( 

[  vegetation  of  beans,  and  that  in  the  opposite  position,  and  at  the  sam 

'  e  shall  be  propitious  to  lentiis." 

Supposed  Lunar  Influence  on  Grain. — Pliny  states  that  if  we  would  collect  J 

)  grain  for  the  purpose  of  immediate  sale,  we  should  do  so  at  the  full  of  the  J 

in  ;  because,  during  the  moon's  increase  the  grain  augments  remarkably  ii 
)  magnitude  :  but  if  we  would  collect  the  grain  to  preserve  it,  we  should  choose  ( 
he  new  moon,  or  the  decline  of  the  moon. 
So  far  as  it  is  consistent  with  observation  that  more  rain  falls  during  the  ii 
j  creasij.  of  the  moon  than  during  its  decline,  there  may  be  some  reason  for  this  ) 

im  ;  but  Pliny,  or  those  from  whom  we  receive  the  maxim,  can  barely  h 
J  credit  for  grounds  so  rational :  besides  which,  the  difference. in  the  quantity  of  J 
■  1  which  falls  during  the  two  periods  is  too  insignificant  to  produce  the  \ 
)  efTects  here  adverted  to. 

Supposed  Lunar  Influence  on  Wine-making. — It  is  a  maxim  of  wine-growi 
hat  wine  which  has  been  made  in  two  moons  is  never  of  a  good  quality,  and  { 
iannol  be  clear.     Toaldo,  the  celebrated  Italian  meteorologist,  whose  mind  a_ 
^lears  lo  have  been  predisposed  for  the  reception  of  lunar  prejudice,  attempts  J 
(  to  justify  this  maxim.     "  The  vinous  fermentation,"  he  says, "  can  only  be  c 
J  ried  on  in  two  moons  when  it  begins  immediately  before  the  new  moon  ;  and,  S 
(  consequently,  that  this  being  a  time  when  the  enlightened  side  of  the  n 
J  turned  for  the  most  part  from  the  earth,  our  atmosphere  is  deprived  of  the  heat  J 
(  of  the  lunar  rays  ;  that  therefore  the  temperature  of  the  air  is  lowered,  and  the 
}  fermentation  is  less  active. 

To  this  we  need  only  answer,  that  the  moon's  rays  do  not  affect  the  temper- 
j  atUTB  of  the  air  to  the  extent  of  one  thousandth  part  of  a  degree  of  the  iber-  i 
\  momeler,  and  that  the  difference  of  temperatures  of  any  two  neighboring  plac 

1  which  the  process  of  making  the  wine  of  the  same  soil  and  vintage  might  be  ) 
I  conducted,  must  be  a  thousand  times  greater  at  any  given  moment  <  "  ' 
J  yet  no  one  ever  imagines  that  such  a  circumstance  can  affect  the  quality  of  the  ) 

t  is  a  maxim  of  Italian  wine  merchants,  that  wine  ought  never  to  be  trans-  J 
{  fetred  from  one  vessel  to  another  in  the  month  of  January  or  March,  unless  : 
(  the  decline  of  the  moon,  under  penalty  of  seeing  it  spoiled. 

Toaldo  has  not  favored  us  with  any  physical  reason  for  this  maxim  ;  but  it  I 

s  remarkable  that  Pliny,  on  the  authority  of  Hyginus,  recommends  precisely  > 

(  the  opposite  course.     We  may  presume  that  from  such  contrary  rules,  it  may  j 

J  reasonably  be  inferred  that  the  moon  has  no  influence  whatever  in  i' 
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Among  the  maxima  of  Pliny  we  find  that  grapes  should  be 'dried  by  night  at  i 

lew  moon,  and  by  day  at  full  moon.  ? 

When  the  moon  is  new  it  is  below  the  horizon  during  the  night,  and  above  J 

[  it  during  the  day  ;  and  when  it  ia  full  it  is  above  the  horizon  during  the  night,  i 

J  and  below  it  during  the  day.     The  maxim  of  Pliny,  therefore,  is  equivalent  to  ' 

)  a  condition  requiring  that  the  grapes  should  be  dried  when  the  moon  is  below  J 

I  the  horizon.    It  is  evident  that  the  absence  of  the  moon  is  not  required  in  this  5 

e  in  consequence  of  any  effect  which  her  light  might  produce  if  she  were  J 

J  present ;  for  when  the  moon  is  new  she  affords  no  light,  even  when  in  the  fir-  } 

?  manent,  the  illuminated  side  being  turned  from  the  earth.     If  the  maxim 

J  founded  upon  any  reason,  it  must,  therefore,  either  he  on  some  influence  which  J 

?  the  moon  is  supposed  to  produce  when  present,  independent  of  her  light  (the  ( 

5  absence  of  which  influence  is  desired),  or  it  may  be  that  she  may  be  supposed  J 

0  transmit  some  effect  through  the  solid  mass  of  the  earth  when  on  the  other  I 

i  side  of  it  which  she  is  incapable  of  producing  without  its  intervention.'    The  J 

dm  is  probably  as  absurd  and  groundless  as  the  other  effects  imputed  lo  1 

'••apposed  Lunar  Trifiucnce  on  the  Complexion. — It  is  a  prevalent  popular  r 
)  lion  in  some  parts  of  Europe,  that  the  moon's  light  is  attended  with  the  effect  J 
J  of  darkening  the  complexion. 

That  light  has  an  effect  upon  the  color  of  material  substances  is  a  fact  well  J 
'  known  in  physics  and  in  the  arts.   The  process  of  bleaching  by  exposure  to 

is  an  obvious  example  of  this  class  of  facts.    Vegetables  and  flowers  which  } 

j  grow  in  a  situation  excluded  from  the  light  of  the  sun  are  different  in  color  ( 

I  from  those  which  have  been  exposed  to  its  influence.     The  most  striking  in-  . 

ice,  however,  of  the  effect  of  certain  rays  of  solar  light  in  blackening  a  light  I 

colored  substance,  is  afforded  by  chloride  of  silver,  which  is  a  white  substance,  { 

but  which  immediately  becomes  black  when  acted  upon  by  the  rays  near  the  ! 

S  red  extremity  of  the  spectrum.     This  substance,  however,  highly  susceptible  > 

*t  is  of  having  its  color  affected  by  light,  is,  nevertheless,  found  not  to  be  ( 

nged  in  any  sensible  degree  when  exposed  to  the  light  of  the  moon,  even  5 

I  when  that  light  is  condensed  by  the  most  powerful  burning  lenses.     It  woidd  I 

m,  therefore,  that  as  far  as  any  analogy  can  be  derived  from  the  qualities  of  J 

substance,  the  popular  impression  of  the  influence  of  the  moon's  rays  in  I 

i  blackening  the  skin  receives  no  support.  > 

M.  Arago  (who  generally  inclines  to  favor  rather  than  oppose  prevailing  ( 

>  popular  opinions],  appears  to  think  it  possible  that  some  effect  may  be  pro-  ) 

"uced  upon  the  skin  exposed  on  clear  nights,  explicable  on  the  same  principle  ( 
3  that  by  which  we  have  explained  the  effects  erroneously  imputed  to  what  is 
I  called  the  red  moon.     The  skin  being,  in  common  with  the  leaves  and  flowers  J 
vegetables,  a  good  radiator  of  heat,  will,  when  exposed  on  a  clear  night,  for  j 
same  reasons,  sustain  a  loss  of  temperature.     Although  this  will  be  to  a  j 

>  certain  extent  restored  by  the  sources  of  animal  heat,  still  it  may  be  contended  > 
that  the  cooling  produced  by  radiation  is  not  altogether  without  effect.     It  is  < 

j  well  known  that  a  person  who  sleeps  exposed  in  the  open  air  on  a  night  when  ) 

5  the  dew  falls,  is  liable  to  suffer  from  severe  cold,  although  the  atmosphere  around  j 
I  never  falls  below  a  moderate  temperature  ;  and  although  no  actual  depo-  , 
in  of  dew  may  take  place  upon  his  skin.  This  effect  must  arise  from  the  ' 
stant  lowering  of  temperature  of  the  skin  by  radiation.     In  military  cam-  | 

j  paigns  the  effects  of  liivouacking  at  night  appear  to  be  generally  admitted  to  ■ 

j  darken  the  complexion,' 


1  effect 


laie  of  ibe  J 
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There  is  a  proverb  which  is  used  in 
against  night  promenades  : — 


It  is  remarkable  that  this  proverb  is  cui 
not  noticed. 

Supposed  Lunar  Influence  on  Putrefaction. — Pliny  and  Plutarch  have  irans- 
mitted  it  as  a  maxim,  that  the  light  of  the  moon  facilitates  the  putrefaction  of  \ 
animal  substances,  and  covers  them  with  moisture.  The  same  opinion  pre- 
vails in  the  West  Indies,  and  in  South  America,  An  impression  is  prevalent,  . 
also,  that  certain  kinds  of  fruit  ejsposed  to  moonlight  lose  their  flavor  and  be- 
come soft  and  flabby;  and  thai  if  a  wounded  mule  be  exposed  to  the  light  of 
the  moon  during  the  night,  the  wound  will  become  irritated,  and  frequently  be- 
come incurable. 

Such  effects,  if  real,  may  be  explained  upon  the  same  principles  as  those  by  ' 
which  we  have  already  explained  the  effects  imputed  to  the  red  moon.     Ani-  < 
mal  substances  exposed  to  a  clear  sky  at  night,  are  liable  to  receive  a  deposi-  S 
tion  of  dew,  which  humidity  has  a  tendency  to  accelerate  putrefaction.     But 
this  effect  will  be  produced  if  the  sky  be  clear,  whether  the  moon  be  above  the 
horizon  or  not.     The  moon,  (herefore,  in  this  case,  is  a  witness  and  not  an 
agent ;  and  we  must  acquit  her  of  the  misdeeds  imputed  to  her. 

Supposed  Lunar  Influence  on  Shell-fish. — It  is  a  very  ancient  remark,  that  ! 
ojraters  and  other  sheil-fish  become  larger  during  the  increase  than  during  the 
decline  of  the  moon.  This  maxim  is  mentioned  by  the  poet  Lucilius,  by  Au- 
las Gellius,  and  others ;  and  the  members  of  the  academy  del  Cimenfo  appear  J 
to  have  tacitly  admitted  it,  since  they  endeavor  to  give  an  explanation  of  it. 
The  fact,  however,  has  been  carefully  examined  by  Rohault,  who  has  com- 
pared shell-fish  taken  at  all  periods  of  the  lunar  month,  and  found  that  they  ex- 
I    hibit  no  difference  of  quality. 

Supposed  Lunar  Influence  on  the  Marrow  of  Animals. — An  opinion  is  preva- 
lent among  butchers  that  the  marrow  found  in  the  bones  of  animals  varies  in 
quantity  according  to  the  phase  of  the  moon  in  which  they  are  slaughtered. 
This  question  has  also  been  examined  by  Rohault,  who  made  a  aeries  of  ob-  J 
servations  which  were  continued  for  twenty  years  with  a  view  to  test  it ;  and  ■ 
the  result  was  that  it  was  proved  completely  destitute  of  foundation. 

Supposed  Lunar  Injtiicnee  en  the  Weight  of  the  Human  Body. — Sanclorius,  ■ 
whose  name  is  celebrated  in  physics  for  the  invention  of  the  thermometer,  held  ) 
it  as  a  principle  that  a  healthy  man  gained  two  pounds  weight  at  the  begin-  { 
ning  of  every  lunar  month,  which  he  lost  toward  its  completion.  This  opinion  i 
appears  to  be  founded  on  experiments  made  upon  himself;  and  affords  another  ( 
instance  of  a  fortuitous  coincidence  hastily  generalized.  The  error  would  ) 
have  been  corrected  if  he  had  continued  his  observations  a  sufficient  length  of  J 

Supposed  Lunar  Influence  on  Births.— \\  is 
occur  more  frequently  in  the  decline  of  the  r 
opinion  has  been  tested  by  comparing  the  number  of  births  with  the  periods  j 
of  the  lunar  phases ;  but  the  attention  directed  to  statistics  as  well  in  this 
country  as  abroad,  will  soon  lead  to  the  decision  of  this  question.* 

Suppused  Lunar  Influence  on  Incubation. — It  is  a  maxim  handed  down  by  \ 
Pliny,  that  eggs  should  be  put  to  cover  when  the  moon  is  new.  In  France  it  { 
is  a  maxim  generally  adopted,  that  the  fowls  are  better  and  more  successfully  J 
reared  when  they  break  the  shell  at  the  full  of  the  moon.    The  experiments  and  J 

*  Other  seitoal  plienomena,  each  as  the  period  of  ge.^otion,  vnlgatly  Bapposed  to 
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observations  of  M.  Girou  "de  Buzareingiiea  have  given  ( 
opinion.     But  such  observations  require  to  be  multiplied  before  the  maxim  can  ( 
be  considered  as  established.     M.  Girou  inclines  to  the  opinion  thai  during 
the  dark  nights  about  new  moon  the  hens  sit  so  undisturbed  that  they  either  kill 
their  young  or  check  ibeir  development  by  too  much  heat ;  while  in  moonlight 
nights,  being  more  restless,  this  effect  is  not  produced. 

Supposed  Lunar  Influence  on  Mental  Derangement  and  other  Human  Maladies. 
— The  influence  on  the  phenomena  of  human  maladies  imputed  to  the  moon  is 
very  ancient.     Hippocrates  had  so  strong  a  faith  in  the  influence  of  celestial  t 
objects  upon  animated  beings,  that  he  expressly  recommends  no  physician  to  j 
be  trusted  who  is  ignorant  of  astronomy.     Galen,  following  Hippocrates,  m 
tained  the  same  opinion,  especially  of  the  iafluence  of  the  moon.     Henc 
diseases  the  lunar  periods  were  said  to  correspond  with  the  succession  of  the  ) 
sufferings  of  the  patients.     The  critical  days  or  crises  (as  they  were  afterward  ( 
called),  were  the  seventh,  fourteenth,  and  twenty-first  of  the  disease,  corres-  i 
ponding  to  the  intervals    between  the  moon's  principal  phases.     While  the  j 
doctrine  of  alchymists  prevailed,  the  human  body  was  considered  as  a  micro-  i 
cosm;  the  heart  representing  the  sun,  the  brain  the  moon.     The  planets  had  ( 
each  its   proper  influence  :  Jupiter  presided  over  the  lungs,  Mars  over  I' 
liver,  Saturn  over  the  spleen,  Venus  over  the  kidneys,  and  Mercury  over  I 
organs  of  generation.     Of  these  grotesque  notions  there  is  now  no  relic,  ( 
cept  the  term  lunacy,  which  stil!  designates  unsoundness  of  mind.     But  ev 
this  term  may  in  some  degree  be  said  to  be  banished  from  the  terminology  of  i 
medicine,  and  it  has  taken  refuge  in  that  receptacle  of  all  antiquated  absurdities  < 
of  phraseology — the  law.     Lunatic,  we  believe,  is  still  the  term  for  the  subjec ' 
who  is  incapable  of  managing  his  own  affairs. 

Although  the  ancient  faith  in  the  connexion  between  the  phases  of  the  moo 
and  the  phenomena  of  insanity  appears  in  a  great  degree  to  be  abandoned,  yet  ' 
it  is  not  altogether -without  its  votaries ;  nor  have  we  been  able  to  ascertain  j 
that  any  series  of  observations  conducted  on  scientific  principles,  has  ever  ' 
been  made  on  the  phenomena  of  insanity,  with  a  view  to  disprove  this  con-  , 
nexion.  We  have  even  met  with  intelligent  and  well-educated  physicians  who  < 
still  maintain  that  the  paroxysms  of  insane  patients  are  more  violent  when  tl 
moon  is  full  than  at  other  times 

Malhiolus  Faber  gives  an  instcinco  of  a  maniac  who  at  the  very  moment  of  i 

eclipse  of  the  moon,  became  furious,  seized  upon  a  sword,  and  fell  upon  J 

every  one  around  him.     Ramazzini  relates  that  m  the  epidemic  fever  which  S 

spread  over  Italy  in  the  year  1693,  patients  died  in  an  unusual  number  o     ' 

21st  of  January,  at  the  moment  of  a  lunar  eclipse 

Without  disputing  this  fact  (to  ascertain  which,  however,  it  would  be  n 
sary  to  have  statistical  returns  of  the  daily  deaths),  it  may  be  objected  that  the  S 
patients  who  thus  died  in  such  numbers  at  the  moment  of  the  eclipse,  might  ^ 
had  iheir  imaginations  highly  excited,  and  their  fears  wrought  upon  by  ) 
the  approach  of  that  event,  if  popular  opinion  invested  it  with  danger.  That  i 
such  an  impression  was  not  unlikely  to  prevail  is  evident  from  the  facts  which  ) 
'         been  recorded. 

no  very  distant  period  from  that  time,  in  August,  1654,  it  is  related  that 
patients  in  considerable  numbers  were  by  order  of  the  physicians  shut  up  in 
chambers  well  closed,  warmed,  and  perfumed,  with  a  view  to  escape  the  in- 
jurious influence  of  the  solar  eclipse,  which  happened  at  that  time ;  and  anch  J 

IS  the  consternation  of  persons  of  all  classes,  that  the  numbers  who  flocked  ) 

confession  were  so  great  that  the  ecclesiastics  found  it  impossible  to  admin-  ' 

er  that  rile.     An  amusing  anecdote  is  related  of  a  village  curate  near  Paris,  , 
who,  with  a  view  to  ease  the  minds  of  his  flock,  and  to  gain  the  necessary  i 
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i  to  gel  througli  his  business,  seriously  assured  them  that  the  eclipso  was  J 

{  postponed  for  a  fortnight.  j 

J       Two  of  the  most  remarkable  examples  recorded  of  the  supposed  influence  J 

1  of  the  moon  on  the  human  body,  are  those  of  Valhsnieri  and  Bacon.     Vallis- 

'eri  declares  that  being  at  Padua  recovering  from  a  tedious  illness,  he  suffered  i 

1  the  12th  of  May,  1706,  during  the  eclipse  of  the  sun,  unusual  weakness  J 

J  and  shivering.     Lunar  eclipses  never  happened  without  making  Bacon  faint;  ) 

md  he  did  not  recover  his  senses  till  the  moon  recovered  her  light.  I 

That  these  two  striking  examples  sliould  be  admitted  in  proof  of  the  ex-  > 

i  istence  of  lunar  influence,  it  would  be  necessary,  says  M.  Arago,  to  establish  j 

j  the  fact  that  feebleness  and  pusillanimity  of  character  are  never  connected  | 

J  with  high  qualities  of  mind.  J 

Menuret  considered  that  cutaneous  maladies  had  a  manifest  connexion  with  | 

I  the  lunar  phases.     He  says  that  he  himself  observed  in  the  year  1760,  a  pa-  < 

i  tient  afliicted  with  a  scald  head  (^teigne),  who,  during  the  decline  of  the  moon,  ) 

I  suffered  from  a  gradual  increase  of  the  malady,  which  continued  until  the  I 

<  epoch  of  the  new  moon,  when  it  had  covered  the  face  and  breast,  and  produced  i 
ifferable  itching.     As  the  moon  increased,  these  symptoms  disappeared  by  C 

I  degrees ;  the  face  became  free  from  the  eruption ;  but  the  same  effects  were  i 
)  reproduced  after  the  full  of  the  moon.  These  periods  of  the  disease  continued  j 
I  for  three  months,  .  ( 

Menuret  also  stated  that  he  witnessed  a  similar  correspondence  between  ( 
(  the  lunar  phases  and  the  distemper  of  the  ilch ;  but  the  circumstances  were  i 
)  the  reverse  of  those  in  the  former  case ;  the  malady  obtaining  its  maximum  at  ( 
{  the  full  of  the  moon,  and  its  minimum  at  the  new  moon.  j 

Without  disputing  the  accuracy  of  these  statements,  or  throwing  any  sus-  J 

<  picion  on  the  good  faith  of  the  physician  who  has  made  them,  we  may  observe  S 
^  that  such  facts  prove  nothing  except  the  fortuitous  coincidence.     If  the  rela-  J 

1  of  cause  and  effect  had  existed  between  the  luna»  phases  and  the  phe-  j 
nena  of  these  distempers  the  same  cause  would  have  continued  to  produce  ( 
same  effect  in  like  circumstances  ;  and  we  should  not  be  left  to  depend  for  > 
J  the  proof  of  lunar  influence  on  the  statements  of  isolated  cases,  occurring  under  ( 
I  the  observation  of  a  physician  who  was  himself  a  believer.  j 

Maurice  Hoffman  relates  a  case  which  came  under  his  own  practice,  of  a  ( 
I  young  woman,  the  daughter  of  an  epileptic  patient.  The  abdomen  of  this  girl  ) 
S  became  inflated  every  month  as  the  moon  increased,  and  regularly  resumed  its  ( 
j  natural  form  with  the  decline  of  the  moon,  J 

Now  if  this  statement  of  Hoffman  were  accompanied  by  all  the  necessary  < 
i  details,  and  if,  also,  we  were  assured  that  this  strange  effect  continued  to  be  ) 
j  produced  for  any  considerable  length  of  time,  the  relation  of  cause  and  effect  I 
j  between  the  phases  of  the  moon  and  the  malady  of  the  girl  could  not  legiti-  ) 
)  mately  be  denied ;  but  receiving  the  statement  in  so  vague  a  form,  and  not  ( 
(  being  assured  that  the  effect  continued  to  be  produced  beyond  a  few  months,  J 
5  the  legitimate  conclusion  at  which  we  must  arrive  is,  that  this  is  another  t 
J  ample  of  fortuitous  coincidence,  and  may  be  classed  with  the  fulfilment  of  J 
)  dreams,  prodigies,  &c,.  Sic. 

As  may  naturally  be  expected,  nervous  diseases  are  those  which  have  p 
tented  the  most  frequent  indications  of  a  relation  with  the  lunar  phases.  The  \ 
(  celebrated  Mead  was  a  strong  believer,  not  only  in  the  lunar  influence,  but  in 
influence  of  ail  the  heavenly  bodies  on  all  the  human.  He  cites  the  case 
(  of  a  child  who  always  went  into  convulsions  at  the  moment  ef  full  muon. 
?  Pyson,  another  believer,  cites  another  case  of  a  paralytic  patient  whose  disease 
!  was  brought  on  by  the  new  moon,  Menuret  records  the  case  of  an  epileptic  j 
)  patient  whose  fits  returned  with  the  full  moon.     The  transactions  of  learned  ) 
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societies  abound  with  examples  of  giddiness,  malignant  fever,  somnambulism,  i 
&c.,  having  in  their  paroxysms  more  or  less  corresponded  with  the  lunar  i 
phases.  Gall  states,  as  a  matter  having  fallen  under  his  own  observation,  thai  ( 
patients  suffering  under  weakness  of  intellect,  had  two  periods  in  the  month  ) 
of  peculiar  excitement ;  and  in  a  work  published  in  London  so  recently  a 
1829,  we  are  assured  that  these  epochs  are  between  ihe  new  and  full  moon. 

Against  all  these  instances  of  the  supposed  efTect  of  lunar  influence,  we  have  \ 
Utile  direct  proof  to  offer.     To  eslabhsh  a  negative  is  not  easy.     Yet  i 
to  be  wished  that  in  some  of  our  great  asylums  for  insane  patients,  a  r  ^ 
should  be  preserved  of  the  exact  times  of  the  access  of  all  the  remarkable  f 
paroxysms ;  a  subsequent  comparison  of  this  with  the  age  of  the  moo 
time  of  their  occurrence  would  fornish  the  ground  for  legitimate  and  s 
elusions.     We  ate  not  aware  of  any  scientific  physician  who  has  expressly  I 
:  directed  his  attention  to  this  question,  except  Dr.  Olbera  of  Bremen,  celebrated  i 
[   for  his  discovery  of  the  planets  Pallas  and  Vesta.     He  slates  that  in  the  course  j 
of  a  long  medical  practice,  he  was  never  able  to  discover  the  slightest  tr; 
any  connexion  between  the  phenomena  of  disease  and  the  phases  of  the 
In  the  spirit  of  true  philosophy,  M.  Arago,  nevertheless,  recommends  caution  j 
in  deciding  against  this  influence.     The  nervous  system,  says  he,  is  in  many  ( 
instances  an  instrument  infinitely  more  delicate  than  the  most  subtle  apparatus  ) 
know  that  the  olfactory  nerves  inform  i 
r  in  air,  the  traces  of  which  the  most  rt 
detect  ?     The  mechanism  of  the  eye  : 
highly  affected  by  that  lunar  light  which,  even  condensed  with  all  the  power  i 
of  the  largest  burning  lenses,  fails  to  aflect  by  its  heat  the  most  susceptible  I 
thermometers,  or,  by  its  chemical  influence,  the  chloride  of  silver  ;  yet  a  small  ) 
portion  of  this  light  introduced  through  a  pin-hole  will  be  sufficient  to  produce  J 
an  instantaneous  contraction  of  the  pnpU  ;  nevertheless  the  integuments  of  this  ) 
membrane,  so  sensible  to  light,  appear  to  be  completely  ii  '  '        ' 

affected.     The  pupil  remains  unmoved,  whether  we  scrape  it  with  the  point  of  J 
a  needle,  moisten  it  with  liquid  acids,  or  impart  to  its  surface  electric  sparks. 
The  retina  itself,  which  sympathizes  with  the  pupil,  is  insensible  to  the  influ- 
ence of  the  most  active  mechanical  agents.     Phenomena  so  mysterious  should  ( 
teach  us  with  what  reserve  we  should  reason  on  analogies  drawn  from  experi- 
substances,  to  the  far  difierent  and  more  difficult  J 
endowed  with  life. 

appears  that  of  all  the  various  influences  popularly  { 
I  the  surface  of  the  earth,  few  have  any  foundation  in 
of  the  equinoxes,  ii}e  accumulated  effect  of  which  len- 
the  aileralion  of  the  calendar,  which  produced  the  distinction  be- 


of  modern  physics.     Who  does  n 
of  the  presence  of  odoriferous  n 
fined  physical  analysis  would  fail  1 


mcnts  made  upon 
case  of  organized  mat 
In  conclusion,  then, 
supposed  to  be  exerted 
fact.     The 


tween  the  old  and  new  style,  is  a  consequence  of  the  moon's  attraction  combined  S 
with  that  of  the  sun  upon  the  protuberant  matter  around  the  equatorial  parts  of  ( 
the  earth  ;  and  the  nutation  of  the  earth's  axis,  and  the  consequent  periodical  ! 
change  of  the  obliquity  of  the  ecliptic,  is  an  effect  due  to  the  same  cause.  I  i 
have  on  another  occasion  shown  that  the  tides  of  the  ocean  are  real  effects  S 
also  arising  from  the  combined  attractions  of  the  moon  and  sun,  but  chiefly  of  ( 
the  former. 

The  precession  of  the  equinoxes  is  a  progressive  annual  change  in  the  posi- 
tion of  those  points  on  the  firmament  where  the  centre  of  the  sun  crosses  the 
equator  on  the  2Ist  of  March  and  the  21st  of  September.     It  has  been  ascer- 
tained by  observation,  and  verified  by  theory,  that  these  points  move  annually  } 
on  the  ecliptic  with  a  slow  motion  in  a  contrary  direction  lo  the  apparent  mo-  ( 
lion  of  the  sun  ;  in  consequence  of  which  the  sun,  after  each  revolution  of  the  f 
ecliptic,  meets  these  points  before  that  revolution  has  been  completed  ;  conse- 
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J  quenlly  the  sun's  centre  returns  to  the  same  equinoctial  point  before  it  mak( 
complete  revolution  of  the  heavens  :  hence  has  arisen  the  distinction  bi 
:en  d.  sidereal  year,  which  is  the  actual  time  the  earth  takes  to  make  a  con 
i  plete  revolution  round  the  sun,  and  an  equinoctial  or  civil  year,  which  is  tl 
<  period  between  the  successive  returns  of  the  centre  of  the  sun  lo  the  san 
)  equinoctial  point,  and  is  the  interval  within  which  the  periodical  vicissitudes 
;  of  the  seasons  are  completed 
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PHYSICAL  CONSTITUTION  OF  COMETS. 


Of  all  the  objects  which  attract  aitention  in  the  heavens,  none  have  excited  I 
feehngs  of  greater  awe,  or  awakened  sentiments  of  more  intense  curiosity,  than  5 
these  bodies  ?  or  are  they  bodies  at  all  ?     What  is  their  ] 
:ution  ?     Whence  do  ihey  derive  their  Sight  ?     Do  they  be- 

Whenco  have  they  come,  and  whither  do  they  go  ?    Are  j 
ilieved,  of  the  sarao  class  as  the  aurora  borealis  ?    Ahhough  S 
a  be  discovered  before  full,  clear,  and  definite  answers  c 
d  similar  questions,  yet  much  that  is  interesting  has  been  \ 
ascertained  by  the  labors  chiefly  of  contemporary  astronomers.     We  shall,  c 
the  present  occasion,  present  what  is  certainly  known  in  as  brief  a  space  ; 
possible. 


What 
character  and 
long  to  our  syster 
they,  as  was  long 
■much  still  rem  " 
given  to  ihi 


Comets  are  attached  to  the  soiar  system  by  the  lie  of  gravitation,  and  in  their 
motions  round  the  sun  are  governed  by  the  same  law  of  attraction,  as  that 
which  operates  on  the  planets.  Since  they  are  susceptible  of  gravitation,  they 
must  therefore  be  material. 

In  their  motions,  however,  they  present  circumstances  strikingly  different 
from  those  which  characterize  the  planets.  The  law  of  gravitation  determines 
nothing  regarding  the  orbit  of  a  body  in  moving  round  the  sun,  except  that  it 
be  one  or  other  of  those  curves  called  conic  sections,  and  that  the  place  of  the 
sun  shall  be  the  focus  of  the  curve.  Subject  to  this  restriction,  the  orbit  of  a 
revolving  body  may  bo  very  various  in  magnitude,  form,  position,  and  direction. 
The  orbits  of  the  planets  are,  nevertheless,  all  very  nearly  of  the  same  /orm, 
being  all  nearly  cirnilar,  and  all  in  the  same  position,  being  all  very  nearly  in. 
the  p!ane  of  the  echplic ;  and  they  all  move  in  the  same  direction,  being  that  of 
ion  of  the  earth.  The  comets  observe  none  of  these  charac- 
teristics in  their  orbitual  motions.    Their  orbits  vary  indefinitely  in  form.    None 
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are  circular,  or  even  nearly  so.    Some  are  ovals  of  yarious  eccentricity.    Some  ( 
are  either  parabolas,  or  ellipses  of  such  extreme  eccentricity  as  to  be  undis; 
guishable  from  parabolas  by  any  observations  we  have  been  enabled  to  mi 
upon  them.    Others,  again,  seem  to  move  in  hyperbolas. 

The  magnitudes  of  the  planetary  orbits  increase  regularly,  according  to  a  3 
certain  harmonious  proportion.     No  order  or  regularity  is  discoverable  among  > 
ignitudes  of  the  cometary  orbits. 
The  orbits  of  comets  are  not  confined  to  tie  plane  of  the  ecliptic  :  they  a 
found  to  be  at  every  possible  angle  with  it  from  0°  to  90°.     Arago  has  exai 
led  the  position  of  the  orbits  of  a  great  number  of  comets,  and  has  found  that  f 
eqnal  number  move  at  every  inclination  with  the  ecliptic.  ( 

Unhke  planets,  comets  do  not  move  in  one  uniform  direction  round  the  sun.  > 
Some  move  in  the  same  direction  as  the  earth,  and  some  in  the  opposite  direc-  < 
lere  are  about  as  many  relrogade  as  direct.  J 

Such  are  the  chief  circumstances  which  distinguish  the  motions  of  the  com-  \ 
from  those  of  the  planets.  J 


n  of  the  number  of  comets  connected  with  our  system  i; 
which,  although  not  admitting  of  a  demonstrative  solution,  may  be  \ 
J  solved  upon  grounds  of  a  high  degree  of  probabilitv ;   and  it  is  one  of  so  much   \ 
rest,  that  we  are  induced  here  to  lay  before  our  readers  the  views  of  M.  Ara 
ind  others  on  this  point. 
The  total  number  of  distinct  comets,  whose  paths  during  the  visible  parts  of  \ 
{  their  course  had  been  ascertained  up  to  the  year  1832,  was  one  hundred  and 
)  thirty-seven.     In  order  to  discover  whether  bodies  of  this  nature  prevail  more 
0  any  particular  regions  of  space  than  in  others — whether,  like  the  planets, 
a  particular  plane,  or  are  distributed  through  the  universe  with- 
iny  preference  of  any  one  region  lo  any  other— it  was  necessary  to  exam- 
e  and  compare  the  paths  of  these  hundred  and  thirty-seven  bodies.     Afler  a 
j  close  examination  of  the  planes  of  their  orbits  with  respect  to  that  of  the  earth, 
)  it  appears  that  the  numbers  inclined  at  various  angles,  from  0°  to  90°,  is  pretty  J 
learly  the  same.    Thus,  at  angles  between  80°  and  90°  there  are  fifteen  com'- 
!ts ;  while  at  angles  between  10°  and  20°  there  are  thirteen  ;  and  between  30° 
ind  40°  there  are  seventeen.     Again,  the  points  where  they  pass  through  the 
}  plane  of  the  earth's  orbit  are  found  to  be  uniformly  distributed  in  every  direc- 
J  tion  around  the  sun.     The  points  where  they  pass  nearest  to  the  sun  are  like- 
e  distributed  uniformly  round  that  body.    Their  least  distances  from  the  sun 
1  also  vary  in  such  a  manner  as  leads  to  the  supposition  of  their  uniform  drsiri-  j 
(  bution  dirough  space.     Thus,  if  we  suppose  a  globe,  of  which  the  sun  is  the 
0  pass  through  the  orbit  of  Mercury,  so  as  to  enclose  the  space  round 
J  the  swtt,  extending  a  distance  on  every  side  equal  to  the  distance  of  Mercury,  '. 
S  thirty  of  the  ascertained  comets,  when  at  their  least  distance  from  the  sun,  pass  J 
* '  "n  that  globe.     Between  that  globe  and  a  similar  one  through  the  orbii  of  ( 
s,  forty-four  comets  pass  under  like  circumstances.     Between  the  latter 
?  globe  and  a  like  one  through  the  orbit  of  the  earth,  thirty-four  pass'.     Between  ) 
J  the  globe  through  the  orbit  of  the  earth  ar.d  one  through  the  orbit  of  Mars,  X 

twenty-three  paaa  ;  and  between  the  latter  and  a  globe  through  the  orbit  of  Ju- 
1  piter,  six  pass.  No  comet  has  ever  been  visible  beyond  the  orbit  of  Jupiter. 
(  It  must  be  here  observed,  that  beyond  the  orbit  of  Mars  it  is  extremely  difficult  \ 

o  discern  comets  ;  and  this  may  account  for  the  comparatively  small  number 
{  of  ascertained  comets  which  do  not  come  nearer  to  the  sun  than  that  limit.    A 
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comparison  of  the  above  numbers  with  the  spaces  included  between  these  suc- 
cessive imaginary  globes,  and  with  the  relative  facility  or  difficulty  of  discern- 
ing comets  in  the  different  situations  thus  assigned,  leads  to  a  demonstration  ( 
>  that,  so  far  as  these  hundred  and  thirty-seven  observed  comets  can  be  consid- 

1  as  an  indication  of  the  general  distribution  of  comets  through  space,  that  ? 

}  distribution  ought  to  be  regarded  as  uniform  ;  that  is,  an  equal  number  of  ci 

Its  have  their  least  distances  included  in  equal  portions  of  space. 

Adopting,  then,  ibis  conclusion,  M.  Arago  reasons  in  the  following  mann 

}  The  number  of  ascertained  comets  which,  at  their  least  distances,  pass  within  { 

(  the  orbit  of  Mercury  is  thirty.     Now,  our  most  remote  planet,  Hersche!,  i: 

j  forty-nine  times  more  distant  from  the  sun  than  Mercury ;  consequently,  ; 

(  globe,  of  which  the  sun  is  the  centre,  and  whose  surface  would  pass  through  > 

i  the   orbit  of  Herschel,  would  include  a  space  greater  than   a   similar   globe  ( 

(  through  the  orbit  of  Mercury,  in  the  proportion  of  the  cube  of  forty-nine  to  one.  ' 

i  Assuming  the  uniform  distribution  of  comets,  it  will  follow  that,  for  every  com-  ■ 

:t  included  in  a  globe  through  the  orbit  of  Mercury  whea  at  its  least  distance,  ', 

J  there  will  be  a  hundred  and  seventeen  thousand  sis  hundred  and  forty-nine  ■ 

\  comets  similarly  included  within  the  globe  through  the  orbit  of  Herschel.    But  [ 

s  there  are  thirty  ascertained  to  bo  within  the  forjnei  globe,  there  wilt,  ihere- 
5  fore,  be  three  millions  five  hundred  and  twenty-nine  thousand  four  hundred  and  ! 
ieventy  within  the  orbit  of  Herschel. 
Thus  it  appears  that,  supposing  no  comet  ranging  within  the  limits  of  Mer- 
!  cury  has  escaped  observation,  that  portion  of  space  enclosed  within  the  globe 
'   ough  Hersche!  must  be  swept  by  at  least  three  millions  and  a  half  of  cotnels. 
It  there  can  be  no  doubt  that  many  more  than  thirty  comets  pass  within  the  ( 
ibe  through  Mercury  ;  for  it  would  be  contrary  to  all  probability  to  assun 
i  that,  notwithstanding  the  many  causes  obstructing  the  discovery  of  comets,  ai 
(  the  short  lime  during  which  we  have  possessed  instruments  adequate  to  sm 

II  inquiry,  we  should  have  discovered  all  the  cotnets  ranging  within  that  limit.  • 
I  Ii  is,  therefore,  more  probable  that  seven  millions  of  comets  are  enclosed  within  f 
)  the  known  limits  of  the  system  than  the  lesser  number  !    Such  is  the  aslound- 
J  ing  conclusion  to  which  M.  Arago's  reasoning  leads. 


The  light  of  comets  is  an  effect  of  which  astronomers  have  hitherto  g 
10  satisfactory  account.     If  any  of  these  bodies  had  been  observed  to  i 
i  exhibited  phases  like  those  of  the  moon  and  the  inferior  planets,  the  fact  of  J 
(  their  being  opaque  bodies,  illuminated  by  the  sun,  would  be  at  once  establish- 
ed.    But  the  existence  of  such  phases  must  necessarily  depend  upon  the  come' 
itself  being  a  solid  mass.     A  mere  mass  of  cloud  or  vapor,  though  not  self-lu- 
'nous,  but  rendered  visible  by  borrowed  light,  would  still  exhibit  no  effect  of  ! 
s  kind  :  its  imperfect  opacity  would  allow  the  solar  light  to  affect  its  con-  ) 
went  parts  throughout  its  entire  depth — so  that,  like  a  thin  fleecy  cloud,  it  S 
<  would  appear  not  superficially  illuminated,  but  receiving  and  reflectiiig  light  ) 
I  through  all  its  dimensions.     With  respect  to  comets,  therefore,  the  doubt  which  J 
I  has  existed  is,  whether  the  light  which  proceeds  from  them,  and  by  which  J 
]  they  become  visible,  is  a  light  of  their  own,  or  is  the  light  of  the  sun  shining  J 
!  upon  them,  and  reflected  to  our  eyes  like  light  from  a  cloud.     For  a  long  peri- 
ls od  this  question  was  sought  to  be  determined  by  the,  discovery  of  phases.     M. 
Aiago  then  proceeded  lo  apply  to  the  question  a  very  elegant  mode  of  investi- 
i   gation,  depending  on  a  property"  by  which  reflected  light  may  be  distinguished  J 
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PHYSICAL  CONSTITUTION  OF  C0MET3. 

from  direct  light,  and  the  existence  of  which  property  there  are  sufficient  opti- 
cal means  of  detecting.  He  has,  however,  more  recently  furnished  us  with, 
as  we  conceive,  much  more  simple  and  satisfactory  means  of  putting  the  ques- 
tion finally  at  rest ;  if,  indeed,  it  be  not  already  decided. 

It  is  an  established  property  of  self-sliining  bodies,  that  at  all  distances  from 
the  eye  they  have  the  same  apparent  splendor.  Thus  the  sun,  as  seen  from  the 
planet  Herschel,  seems  as  bright  as  when  seen  from  the  earth.  It  is  true  that 
he  is  much  smaller,  but  still  equally  bright.  The  smallest  brilliant  may  be  as 
bright  as  the  largest  diamond.  We  must  not  here  be  understood  to  imply  that 
he  affords  the  same  light ;  that  is  qoite  another  effect.  What  is  intended  to 
be  conveyed,  will  perhaps  be  best  understood  by  consideriog  the  effect  of 
viewing  the  sun  through  a  pin-hole  made  in  a  card.  The  card  being  placed  at 
a  small  distance  from  the  eye,  it  is  evident  that  the  eye  will  view  only  a  small 
portion  of  the  sun's  disk,  limited  hy  the  magnitude  of  the  pin-hole ;  but  that 
portion,  so  far  as  it  goes,  will  be  as  bright  as  it  would  be  were  the  card  remov- 
ed. Now,  the  effect  here  produced,  by  limiting  the  portion  of  the  sun's  disk' 
which  the  eye  is  permitted  to  see,  is  precisely  the  same  as  if  the  eye  were 
carried  to  so  great  a  distance  from  the  sun,  that  its  apparent  magnitude  would 
be  reduced  to  equality  with  that  portion  of  its  disk  which  is  seen  through  the 
?  hole  in  the  card,* 

i      Now,  applying  this  principle  to  the  question  of  cometary  light,  it  will  follow 
(  that,  if  a  comet  shines  by  light  of  its  own,  and  not  by  light  received  from  the 
<  sun,  it  will,  like  all  other  self-luminous  bodies,  have  the  same  apparent  bright- 
j  ness  at  all  distances.     It  will,  therefore,  cease  to  be  visible-,  not  from  want  of 
sufficient  apparent  brightness,  but  from  want  of  sufficient  visual  magnitude. 
'  Now,  it  may  be  shown  that  the  limit  of  visual  magnitude  which  would  cause 
!  the  disappearance  of  a  self-luminous  body  is  so  extreme,  that  it  would  be  to- 
i  tally  inapplicable  to  this  case.     By  varying  the  magnitude  of  the  object-glass 
j  of  a  telescope  (which  may  be  easily  done),  with  which  such  a  body  is  viewed, 
in  proportion  to  the  magnifying  power  of  the  eye-glass,  it  is  always  possible  to 
make  the  image  of  the  same  apparent  brightness  ;  that  is,  supposing  the  object 
itself  10  maintain  a  uniform  splendor.     Consequently,  if  a  body  submitted  to 
this  species  of  observation,  cease  to  be   visible  even  by  a  telescope,  it  will  fol- 
low, that  It  must  disdppetr  either  by  a  very  extreme  diminution  of  visual  mag- 
nitude, or  bj  the  loss  of  its  own  intrinsic  splendor.     Now,  to  apply  this  test  to 
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tion,  M.  Arago  has  submitted  to  examination  the  rale  \ 
s  their  dimensions  as  they  recede  from  the  sun,  ac- 
aJculates  the  eorresponding  diminuiion  of  intrinsic 
splendor  which  would  arise  from  such  a  cause.  The  question  then  is,  whetii- 
r,  by  such  a  diminution  of  splendor,  the  brightest  cornels  would  be  invisible 
beyond  the  orbit  of  Jupiter  ?  This  question  he  proposes  to  decide  by  the  fol-  ■ 
lowing  experimental  test  to  be  apphed  to  some  future  comet. 

a  telescope  be  sel        I  h        g  a  large  opening  and  'low  magnifying 
by  the  aid  of  wl     h    h  may  be  observed  in  every  part  of  its 

visible  course.     Let  the  body  b      b  d  with  this  instrument  at  some  deter- 

e  distance  from  tht,  1  for  example,  the  distance  of  Venus. 

M.  Arago  shows  how,  b  pply  g  d  (T  rent  magnifying  powers  to  the  teles- 
cope under  these  circum  h  ge  of  the  comet  may  be  made  to  as- 
i  different  degrees  f  b  gli  He  shows,  also,  how  the  magnifying  ( 
er  may  be  regulated,  30  as  to  exhibit  the  image  of  tlie  comet  with  just  that  i 
degree  of  brightness  with  which  it  would  appear  at  any  given  increased  dis- 
tance to  the  lowest  magnifying  power ;  on  the  supposition  of  its  being  a  self- 
shining  body,  losing  brigktneas  by  reason  of  the  enlargement  of  its  dimensions. 
In  this  way,  he  shows  that  the  actual  brightness  which  the  comet  nught  lo  have  ) 
at  any  given  distance  from  the  sun,  when  looked  at  with  any  given  magnifying 
power,  may  be  predicted.  He  proposes,  then,  that,  this  observation  being  pre- 
viously made,  the  comet  should  be  observed  subsequently  at  the  proposed  dis- 
tances. If  it  appear  with  that  degree  of  brightness  which  it  ought  to  have  in 
ispondence  with  such  previous  observations,  then  there  will  be  a  presump- 
that  it  shines  with  its  own  light.  But  if,  as  is  probable,  and  perhaps  near- 
ly certain,  the  splendor  of  the  comet  at  increased  distances  will  be  greatly  less 
than  it  ought  to  be,  and  that  it  will  be  wholly  invisible  at  distances  at  which  it 
ought  lo  be  seen,  then  there  will  be  conclusive  proof  that  it  is  a  body  not  self- 
luminous,  but  one  which  derives  its  light  from  the  sun  ;  and  that  its  disappear- 
;e,  when  removed  lo  any  considerable  distance  from  that  luminary,  arises 
from  the  extreme  faintness  of  the  light  which  its  attenuated  matter  reflects. 

vill,  of  course,  be  perceived,  that  the  enlargement  of  the  volume  of  the  j 
,  will  produce  a  diluting  effect   upon  its   reflected  light,  as   much   ai 
would  if  it  shone  with  direct  light ;  and  this  furnishes  an  additional  reason 
'  8  rapid  disappearance  as  it  recedes  from  the  sun. 

It  will  doubtless  excite  surprise,  that  the  dimensions  of  a  comet  should  be  ) 
enlarged  as  it  recedes  from  the  source  of  heat.     It  has  been  often  observed  in 
astronomical  inquiries,  that  the  eflecls,  which  at  first  view  seem  most  improba- 
ble, are  nevertheless  those  which  frequently  prove  to  be  true  ;  and  so  it  is  in 
this  case.     It  was  long  believed  that  comets  enlarged  as  they  approached  the 
sun  ;  and  this  supposed  effect  was  naturally  and  probably  ascribed  to  the  heat 
of  the  sun  expanding  their  dimensions.     But  more  recent  and  exact  observa-  } 
!ons  have  shown  the  very  reverse  to  be  the  fact.     Comets  increase  their  voh 
s  they  recede  from  the  sun  ;  and  this  is  a  law  to  which  there  appears  to  bi 
well-ascertained  exception.     This  singular  and  unexpected  phenomenon 
been  attempted  to  be  accounted  for  in  several  ways.     Valz  ascribed  it  to 
pressure  of  the  solar  atmosphere  acting  upon  the  comet ;  that  atmosphere,  being  } 
e  dense  near  the  sun,  compressed  the  comet  and  diminished  its  dimensions  ; 
,  at  a  greater  distance,  being  relieved  from  this  coercion,  the  body  swelled  / 
w  iis  natural  bulk.     A  very  ingenious  train  of  reasoning  was  produced  in  sup-  ( 
port  of  this  theory.     The  density  of  the  solar  atmosphere  and  the  elasticity  of  ? 
the  comet  being  assumed  to  being  such  as  they  might  naturally  be  supposed,  ' 
the  variations  of  the  comet's  bulk  were  deduced  by  strict  reasoning,  and  showed  ( 
I  surprising  coincidence  with  the  observed  change  in  the  dimensions.     " 
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J  this  iheory  is  tainted  by  a  fatal  error.     It  proceeds  upon  the  supposition  that  ( 

one  hand,  is  formed  of  an  elastic  gas  or  vapor ;  and,  on 
J  other,  that  it  is  impervious  to  the  solar  atmosphere  through  which  it  mo\ 
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Herscbel  insists  on  this  the  more  \ 
if  a  vera  causa.     The  fact  is,  the  h  p    h 
S  assumed  effect  of  the  gravitation  ol    h     p        1       t    h        met,  but  in  the  as-  { 
(  sumption  that  the  mutual  cohesion  or  mutual  gravitation  of  these  particles 
)  quantity  evanescent  in  comparison  with  their  separate  gravitation  toward  the  ( 
;un.     This  can  scarcely  be  ranked  as  anything  hut  a  supposition  assumed  to 
iccount  for  the  phenomena. 

Another  theory  proposed  by  Sir  John  Herschel,  which  indeed  is  not  al- 

ogether  incompatible  with  the  simultaneous  operation  of  the  former  cause,  is, 

hat  tlie  nebulous  portion  of  the  comet,  or  lliat  portion  which  reflects  the  sun's 

(  lays,  is  of  the  nature  of  a  fog,  or  a  collection  of  discrete  particles  of  a  vapor- 

(  izable  fluid  floating  in  a  transparent  medium ;  similar,  for  example,  to  the  cloud  ) 

f  vapor  which  appears  at  some  distance  from  the  spout  of  a  boiling  kettle, 

iow,  since  these  molecules,  during  the  comet's  approach  to  the  sun,  absorb  its 

(  rays  and  become  heated,  a  portion  of  tliem  will  be  constantly  passing  from  the  ( 

\  liquid  to  the  gaseous  or  invisibie  slate.     As  this  change  must  commence  from  J 

(  wiihout,  and  must  be  propagated  inward,  the  effect  will  be  a  diminution  of  the  J 

let's  visible  bulk.     On  the  other  hand,  as  it  retreats  from  the  sun,  it  will  lose  ) 

(  by  radiation  the  h        hu        qdhh  f         ywhh     general  i 


pdly 


'  g" 


k    gby  h    g         i 


)  analogy  of  radian  fa 
'  a  wiihin.  Th  d 
ise  by  the  pre  p 
fogs  in  cold  a  d 
i  ually  extending  upw 
i  would  thus  appea 
)  that  its  real  volum 
I  heat  from  the  ma. 

■'  This  process  jSJhH  hi  ahg 
J  of  any  solid  or  fluid  nucleus ,  but  supposing  such  a  nucle 
ave  acquired  a  considerable  increase  of  temperature  in  the  i 
I'aporalion  from  its  surface  would  afford  a  constant  and  cof 
j  por,  which,  rising  into  its  atmosphere,  and  condensing  it  at 
)u!d  tend  yet  more  to  dilate  the  visible  limits  of  the  nebula, 
ss  would  naturally  enough  account  for   the   appearances 

*  Memoirs  Royal  AbItod.  Soo.,  vol.  vi..  p.  104. 
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CONSTITUTION'    OF    THE    COMETS. 

The  word  comet  is  derived  from  a  Greek  word  signifying  hair,  and  hen 
the  name  implies  a  hairy  star.     The  nebulosity,  or  a  sort  of  illuminated  haze  ( 
which  always  appears  around  these  bodies,  is  that  from  which  the  name  was 
probably  taken. 

The  head  of  the  comet  is  the  brightest  part  of  the   centre,  usually  supposec 
to  be  a  nucleus  something  like  that  of  a  planet ;  but  this  is  so  enveloped  in  tht 
hair,  or  nebulosity,  that  it  has  never  yet  been  satisfactorily  ascertained  whether  J 
it  be  solid  matter.  S 

Aluminous  train,  varying  in  length,  is  frequently,  though  not  always,  attached  ) 
to  tliese  objects.  It  has  been  generally  called  the  tail.  Sometimes  comets  j 
have  more  than  one  of  these  appendages. 


As  the  brightness  of  the  nebulosity  gradually  fades  away  toward  the  edf^ 
there  is  sometimes  a  difficulty  in  measuring  its  bulk.     Its  form  is  generally  < 
globular,  and  its  light  is  often  so  faint  that  the  comet  can  only  be  discovered  by  j 
telescopes.     The  diameter  of  the  nebulous  mass  has  been  found  to  vary  from  J 
6,000  miles  upward.      The  comets  of    1795,  1797,  1798,  and  1804,  were  su 
rounded  by  a  nebulosity  which  measured  less  than  7,000  miles  in  diameter. 

That  many  comets  have  no  solid  matter  in  the  centre  of  the  nebulosity  is  J 
proved  by  the  fact  that  the  smallest  stars  are  often  visible  through  them  ;  e' 
the. ancients,  without  the  aid  of  the  telescope,  ascertained  this  fact.     Seneca  { 
reported  that  stars  were  discoverable  through  comets,  although  he  does 
distinctly  state  through  what  part  of  the  comet  they  were  seen.     Sir  William  ( 
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j  Herschei,  however,  distinctly  saw  a  star  of  the  16th  magnitude  through  the 
!  very  ceiirre  of  the  head  of  the  comet  which  appeared  in  the  year  1795.  Prof.  ' 
I  Struve,  on  the  28lh  of  Nov.,  1828,  saw  a  star  of  the  llth  magnitude,  so  small  J 

;8  to  be  invisible  to  the  naked  eye,  through  the  centre  of  EnckS's  comet. 
The  parts  of  the  nebulosity  which  immediately  surround  the  nucleus  appear  j 

o  be  much  less  luminous  than  the  more  distant  parts,  as  if  the  nebulous  almo 
(  sphere  became  less  dense  and  more  transparent  near  its  surface.  At  some  (lis 
)  tance  from  its  centre  the  luminous  effect  suddenly  increases  so  as  to  assume  thf 
)  appearance  of  rings  of  light  around  the  nucleus;  sometimes  two,  three,  oi 
)  more,  such  concentric  rings  have  been  perceived  surrounding  comets,  separated  J 
t  by  dark  intervals. 

S       It  must  be  understood,  that  the  arrangement  which  produces  the  appearance  i 
{  of  these  concentric  rings,  is,  in  realily,  a  succession  of  spherical  shells  of  v 

or  nebulous  matter,  which  alternately  increases  and  decreases  in  density,  ' 
(  forming  an  atmosphere  of  various  densities  around  the  comet.  This  has  been  f 
>  illustrated  by  Arago  by  comparing  it  to  successive  layers  of  clouds  of  different  } 
5  heights  surrounding  our  globe.  To  perfect  the  analogy  we  have  only  to  im- 
S  agine  three  transparent  spherical  shells,  still  retaining  the  peculiar  optica!  quality  j 
(  which  distinguishes  them  from  the  pure  air  by  which  they  are  separated,  J 

}       The  memorable  comet  of  1811  was  enveloped  by  a  nebulosity  the  thickness  i 
5  of  which  measured  30,000  miles  above  ihe  surface  or  nucleus  of  the  comet. 
The  thickness  of  the  nebulosity  of  the  comet  of  1807  was  36,000  miles 

hat  of  J799  was  34,000  miles. 
In  comets  which  have  a  tail,  the  rings  we  have  now  adverted  lo  are  not  con 
(  plele  ;  they  terminate  at  the  edges  of  the  tail,  and  are  open  through  the  space  I 
)  where  the  tail  abuts  upon  the  head. 


Some  difference  of  opinion  prevails  among  observers  whether  comets  r 
ly  have  nuclei  at  all.     When,  however,  they  are  supposed  to  have  them,  they  < 
are  generally  admitted  to  be  small,  and  of  doubtful  magnitude.      The  following  ) 
measurements  are  given  by  Arago  as  having  been  ascertained,  or,  at  least,  a 
sumed  ; — 

The  comet  of  1798  had  a  nucleus  whose  diameter  was  30  miles  ;  that  of  J 
1805,  35  miles  ;  the  comet  of  1799,  450  miles ;  the  comet  of  1807,  650  miles  ; 
and  the  second  comet  of  1811,  about  3,000  miles. 

Those  who  deny  the  existence  of  solid  matter  within  the  nebulosity  of  comets, 
maintain  that  even  the  most  brilliant  and  most  conspicuous  of  those  bodies,  and 
those  which  have  presented  the  strongest  resemblance  to  planets,  are  complete- 
ly transparent.     It  might  be  supposed  that  a  fact  so  simple  as  this,  in  this  age 
of  astronomical  activity,  could  not  remain  doubtful ;  but  it  must  be  considered,  S 
that  the  combination  of  circumstances  which  alone  would  test  the  truth  of  this  ( 
doctrine,  is  of  rare  occurrence.     It  would  be  necessary  that  the  centre  of  the  J 
head  of  the  comet,  although  very  small,  should  pass  critically  over  a  star,  i 
order  to  ascertain  whether  such  star  is  visible  through  it.     With  comets  having  [ 


nebidosity  without  nuclei,  this  has 
not  had  such  satis.'actory  examples  in  the  mc 
have  distinct  nuclei.     The  following  exampl 

On  the  23d  of  October,  1774,  Montaigne, 
magnitude  through  the  nucleus  of  a  small 
not  stated  through  vihal  part  of  the  nucleus 


I  occurred  ;  but  w 
s  rare  instances  of  those  which  f 
1  are,  however,  adduced  :- 
.  Limoges,  saw  a  star  of  the  6ih  J 
but,  unfortunately,  he  has 
■  it,  and  the  power  of  the  i 
o  much  consider-  { 
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On  the  1st  of  April,  1796,  Dr.  Olbers,  at  Bremen,  saw  a  sta 
teventh  magnitude,  and  although  it  was  covered  by  a  comet,  h 
(  light  was  not  perceptibly  diminished.     The  observer  in  this  case  did  not  leel 
e  that  the  nucleus  was  between  the  eye  and  the  star. 

Messier,  when  observing  a  comet  in  1774,  saw  a  small  telescopic  star  be- 
S  side  it,  and  having  looked  at  it  again  after  the  lapse  of  some  hours,  he  ob- 
l  served  a  second  star  near  the  first.     He  explained  diis  by  the  supposition  that  J 
It  the  moment  of  his  first  observation  the  nucleus  of  the  comet  concealed  the  J 
i  second  star. 

Wartmann  states  that  on  the  night  of  the  38th  November,  1838,  a  star  of  J 
j  the  8th  magnitude  was  completely  eclipsed  by  Enck^'s  comet.  Here  again,  i 
'lowever,  it  is  objected  that  Wartmann's  telescope  was  too  feeble  to  be  trusted  J 
n  such  an  observation. 
In  the  absence  of  a  more  decisive  test  of  the  occultation  of  a  star  by  the  J 
J  nucleus,  it  has  been  maintained  that  the  existence  of  a  solid  nucleus  may  be  ) 
)  fairly  inferred  from  the  great  splendor  which  has  attended  the  appearance  of  S 
i  some  comets.  A  mere  mass  of  vapor  could  not,  it  is  contended,  reflect  such  ^ 
S  brilliant  light.     The  following  are  the  examples  adduced  by  Arago  :— 


In  the  year  43  before  Christ, 
0  the  naked  eye  hy  daylight,     it  w; 
o  be  the  soul  of  Casar  transferred 
In  the  year  1402  two  remarkable 
!  brilliant  that  the  light  of  the  sun  at  i 
(  its  nucleus,  or  even  its  tail,  from  being  seen.     The 
J  month  of  June,  and  was  visible  also  for  a  con.'siderable 


it  appeared  which  was  said  to  be  visible  I 
the  comet  which  the  Romans  considered  J 
the  heavens  afler  his  assassination. 
Dmets  were  recorded.     The  first  was 

the  end  of  March,  did  not  prevent  I 
1  appeared  in 
before  sunset. 


In  the  year  1S32,  the  people  of  Milan 
which  was  visible  in  the  broad  daylight. 
El  position  to  be  visible,  and  consequently  it  is  inferred  that  this  si 

The  comet  of  1677  was  discovered  on  the  13th  of  November  by  Tycho  Bra-  ) 
i  che,  from  his  observatory  on  the  isle  of  Huene,  in  the  sound,  belore  s 

On  the  1st  of  February,  1744,  Chizeaujc  observed  a  comet  more  brilliant  J 
1  than  the  brightest  star  in  the  heavens,  which  soon  became  equal  in  splendor  to  J 
j  Jupiter,  and  in  the  beginning  of  March  it  was  visible  in  the  presence  of  the 
By  selecting  a  proper  position  for  observation,  on  the  1st  of  March  it 
seen  at  one  o'clock  in  the  afternoon  without  a  telescope. 
Such  is  the  amount  of  evidence  which  observation  has  supplied  respecting  j 
?  the  existence  of  a  solid  imoleus  within  the  nebulosity  of  comets.     The  most 
)  that  can  be  said  of  it  is,  that  it  presents  a  plausible  argument,  giving  some  prob- 
(  ability,  but  no  positive  certainty,  that  comets  have  visited  our  system  which  \ 
j  have  solid  nuclei,  but,  meanwhile,  this  can  only  be  maintained  with  respect  to 
\  few  j  most  of  those  which  have  been  seen,  and  all  to  which  very  accurate  ob- 
'ations  have  been  directed,  have  afforded  evidence  of  being  mere  masses  of  J 
li-transparent  vapor. 


Although  by  far  the  great  majority  of  comets  are  not  attended  by  tails,  yet  \ 
ippendage,  in  the  popular  mind,  is  more  inseparable  from  the  idea  (  " 
t  than  any  other  attribute  of  these  bodies.     This  circumstance  probably  ( 

\  proceeds  from  its  singular  and  striking  appearance,  and  from  the  fact  that  ir 
s  visible  to  the  naked  eye  have  had  tails.  In  the  year  1531,  on  the  oc 
if  one  of  the  visits  of  Halley's  comet  to  the  solar  system,  Pierre  Apian  i 

5  observed  that  the  comet  generally  presented  its  tail  in  the  direction  from  the  { 
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This  principle  was  hastily  generalized  ind  is  even  at  present  too  g. 
}  erally  adopted.     It  is  true  that  in  most  cases  the  tail  extend-,  itself  from  that  j 


i  part  of  the  comet  which  is  most  remote  from  the 
1  corresponds  with  the  direction  of  a  shadow  of  the  i 
(  happened  that  the  tail  forms  with  the  line  draw  n  to 
'  :,  and  cases  have  occuned  when  it  was  actualh  a 
n  of  tl  ^ 


Sometimesi  it  has 
a  a  considerable  an 
angles  (o  the  direc 

Another  character  which  has  been  observed  to  attach  to  the  tails  of  comets 
5  which,  however,  is  not  ini-ariable   lo   thai  thej  inchne  conslintiy  toward  the   ] 

t  quitted  by  the  comet  as  if  in  its  progress,  through  space  it  « 
t  subject  to  the  action  of  some  resisting  medium  so  that  the  nebulous  matter  i 
i  which  it  is  invested,  suffering  more  resistance  than  the  bolid  nucleus  remains  ) 
I  behind  it  and  forms  the  tail. 

The  tail  sometimes  appears  to  have  a  curved  form.     The  comet  of  1744  ] 
(  formed  almost  a  quadrant,    it  is  supposed  that  the  convexity  of  the  curve,  if  it  } 
(  exists,  is  turned  in  the  direction  from  which  the  comet  moves.     It  is  proper  tc 
itate,  however,  that  these  circumstances  regarding  the  tail  have  not  been  clearly  ! 
ind  satisfactorily  ascertained. 
_  The  tails  of  comets  are  not  of  uniform  breadth  or  diameter    they  appear  to 

>  diverge  from  the  comet  enlarging  in  breadth  and  diminishing  m  brightness  as 
;  their  distance  trom  the  comet  increases      lie  middle  of  the  tail  usually  pre 

Is  a  dark  stt  pe  which  divides  it  longitudinally  into  two  d  stinct  parts  It 
i  long  supposed  that  this  lark  slripe  was  thp  shadow  of  the  bod-v  ot  the 
let,  and  this  explanation  might  be  accepted  il  the  tail  was  always  turned  f 

<  from  the  sun  but  we  hnd  the  dark  stripe  equally  e\i  ts  when  the  tail  being  \ 
I  turned  sideward  is  exposed  to  the  effect  of  the  sun  s  light 

This  appearance  is  usuallj  explained  bj  the  supposition  that  the  tail  is  a 
)  hollow,  conical  shell  of  vapor  the  external  surface  of  which  possesses  a  cer 

<  tain  thickness  When  we  view  it  we  look  through  a  considerable  thickness  j 
\  "if  ^^f™  ^^  '^^  edges  and  thnugh  a  comparalivelj  small  quantity  at  the  mid 

s  upon  the  supposition  of  a  hollow  cone  the  greatest  brightness  would  i 
the  sides  and  the  exiatence  of  a  dark  space  in  the  middle  would  be  ) 
(  perfectly  accounted  for. 

The  tails  of  comets  are  not  always  single  ;  some  have  appeared  at  different  J 
mes  with  several  separate  tails.  The  comet  of  1744,  which  appeared  on  the  < 
J  7th  or  8th  of  March,  had  six  tails,  each  about  4°  in  breadth,  and  from  30*=  to  44*^  ( 

mglh.     Their  sides  were  well  defined  and  tolerably  bright,  and  the  spat 
J  between  them  were  as  dark  as  the  other  parts  of  the  heavens. 

The  tails  of  comets  have  frequently  appeared,  not  only  of  immense  ri 

>  length,  but  extending  over  considerable  spaces  of  the  heavens.    It  will  be  ea 

J  ly  understood  thai  the  apparent  length  depends  conjointly  upon  the  real  length  } 
J  of  the  tail  and  the  position  in  which  it  is  presented  to  the  eye.  If  the  line  of  j 
J  vision  be  at  right  angles  to  it,  its  length  will  appear  as  great  as  it  can  do  a 
?  existing  distance  ;  if  it  appear  oblique  to  the  eye,  it  will  be  foreshortened  n 

J  or  less,  according  to  the  angle  of  obliquity.    The  real  length  of  the  tail  is  e 

J  ly  calculated  when  the  apparent  length  is  observed  and  the  angle  of  known  ob-  ) 
j  Iiquity.  The  following  resuha  of  actual  observation  and  calculation  have  been  < 
)  given  by  Arago. 

The  comet  of  1811  exhibited  a  tail  which  extended  over  33°  of  the  heavens.  ' 
t  was  observed  by  Herschel  and  Schroeter,  the  latter  of  whom  deduced  from  f 
i  his  calculations  the  following  results :  That  the  central  globe  of  light  or  nucleus  J 

s  50,000  miles  in  diameter,  or  about  six  and  a  half  times  the  diameter  of  the 
J  earth.     The  nebulosity  was  extremely  rarified  in  comparison  with  nucleus,  re- 

mbling  a  faint,  whitish  light,  scattered  in  separate  portions.    It  was  separated  J 


y  Google 


iito  two,  one  immediately  encompassing  the  nucleus,  the  other  of  a  more  faint  s 

ind  grayish  light,  sweeping  round  it  at  a  distance  and  forming  its  double  tail.  ) 

\  The  head-veil,  as  he  called  it,  surrounded  the  nucleus  at  a  distance  equal  to  its  J 

5  breadth,  and  seemed  as  unconnected  with  the  nucleus  as  the  ring  of  Saturn  is  / 

li  its  body.     The  diameter  of  this  ring  measured  nearly  a  million  of  mile! 
i  being  greater  than  the  diameter  of  the  sun.     Between  the  4th  and  6th  of  De-  J 
)  cember  a  great  change  took  place  in  its  appearance,  the  rarefied  nebulous  mat- 
sr,  which  bad  for  ^ree  months  been  so  unusuaily  repelled  from  the  nucleus  i 
■n  every  side,  was  again  attracted  to  it. 
The  double  tail  of  this  comet  was  exceedingly  faint  when  compared  with 
)  nucleus.     On  the  16th  of  October  a  small  tail  instantaneously  issued  from  it,  i 
n  vanished,  and  suddenly  reappeared,  when  its  length  was  nearly  two  mill-  ^ 
s  and  a  half  of  miles. 

ietschel's  estimate  of  the  m^nitude  of  the  nucleus  is  mnch  less  than  that  ( 
)  of  Schioeter ;  he  calculates  that,  on  the  15th  of  October,  the  taU  measured  one 
J  hundred  millions  of  miles,  and  was,  consequently,  greater  than  the  entire  dis- 
ance  of  the  sun  from  the  earth.    He  estimated  its  breadth  on  the  12lh  of  Octo- 
)er  at  fifteen  millions  of  miles. 
Attempts  have  been  made  to  calculate  on  probable  grounds  the  elliptic  orbit  S 
J  of  this  comet.     Bessel  computed  that  its  period  is  three  thousand  three  hundred  J 
I  and  eighty-three  years,  and  other  astronomers  make  it  more  than  four  thousand  ) 
)  years.     A  sketch  of  the  comet  of  1811  is  annexed. 


The  comet  of  1680  exhibited  a  tail  measuring  63°,  < 
}  which  a  traditional  sketch  is  annexed. 


The  comet  of  1680,  which  was  observed  by  all  the  European  astronomers  j 

>  of  that  day,  exhibited  a  tail  which  extended  over  90°  of  the  ' 

(  helion ;  its  distance  from  the  surface  of  the  sun  was  not  more  than  one  sixth  J 

j  of  the  sun's  diameter  ;  and  it  was  calculated  in  that  position  to  have  a  velocity  / 

if  more  than  120,000  miles  an  hour.     When  the  head  of  this  comet  was  si 

it  the  zenith,  its  tail  reached  the  horizon.     The  actual  length  of  the  tail  v 

I  calculated  to  be  one  hundred  and  twenty-three  millions  of  miles  ;  so  that  if  the  { 

)  head  of  this  comet  were  at  the  ^un,  the  tail  would  extend  thirty  millions  of  ) 

miles  beyond  the  earth's  orbit. 

In  1769  a  comet  appeared,  the  tail  of  which  spread  over  a  space  of  97°  } 
I  of  the  heavens,  and  its  actual  length  was  fifty  millions  of  miles.      Differ- 


n  of  the  length  of  the  tails  of  the  ( 


of  1744. 
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'  Arago  assigns  iheir  length  at  about  ten  millions  of  miles,  others  have  estimated  J 

It  twenty-three  millions  of  miles.     The  following  description  of  it  is  taken  ( 

?  from  the  memoirs  of  the  Academy  of  Sciences  for  1744.     It  was  first  s. 

5  Lausanne,  in  Switzerland,  December  13,  1743  :  from  that  period  it  increased  { 

n  brightness  and  magnitude  as  it  approached  nearer  the  sun.    On  the  even' 
)  of  January  33,  1744,  it  appeared  exceedingly  bright  and  distinct,  and  the 
5  ameter  of  its  nucleus  was  nearly  equal  to  tlwt  of  Jupiter.     Its  tai!  then  extended  ) 
)  above  16°  from  its  body,  and  was  supposed  to  be  about  twenty-three  millions  < 
(  miles  in  length.     On  the  11th  of  February  the  nucleus,  which  had  before  bee 
\  always  round,  appeared  oblong  in  the  direction  of  the  tail,  and  seemed  divide 
i  into  two  parts  by  a  black  stroke  in  the  middle.     One  of  the  parts  had  a  sort  of  ( 
j  beard  brighter  than  the  tail :  this  beard  was  surrounded  by  two  unequal  dark  ) 
J  strokes  that  separated  the  beard  from  the  hair  of  the  comet.     Ttiese  odd  phe- 

lena  disappeared  the  next  day,  and  nothing  was  seen  but  irregular  obscure 

ces,  Iflte  smoke,  in  the  middle  of  the  tail,  and  the  head  resumed  its  natural  } 
form.     On  the  15ih  of  February  the  tail  was  divided  into  two  branches 

tern,  about'8°  long,  the  western,  24.°    On  the  23d  the  tail  began  to  be  bent,  j 
[  It  showed  no  tail  till  it  was  as  near  the  sun  as  the  orbit  of  Mars,  and  it 

ased  in  length  as  it  approached  that  luminary.    At  its  greatest  length  it  v 
{  oompuled  to  equal  a  third  part  of  the  distance  of  the  earth  from  the  sun.    This  \ 


e  that  of  1680. 
mder  the  horizon. 
B  before  sunrise, 
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pere  obtained  by  i 
same  kind.  The  [ 
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S  was  one  of  the  most  brilliant  comets  that  had  appeared  e: 
ail  was  visible  for  a  long  time  after  its  body  was  hid 
istended  20  or  30  degrees  above  the  horizon  two  hour 
In  the  month  of  March,  1843,  a  comet  appeared  in  tne  ne: 
J  great  extent  of  tail,  but  very  faintly  luminous.    Its  Course  wi 
)  the  observations  made  upon  it,  but  no  satisfactory  grounds 
{  which  it  might  be  identified  with  any  former  body  of  the 
>  form  of  the  tail  was  remarkable,  inasmuch  as  its  edges  wer 
)  divergent.     The  length  of  the  tail  was  calculated  from  the  observations  i 

said  to  amount  to  above  one  hundred  millions  of  miles      This  ci 
J  dered  memorable  by  the  fact  of  its  having  passed  at  its  perihelio 

he  sun  that  Arago  believed  it  must  have  grazed  its  sur&ce      A  sketch  of  ihii,  \ 
:omet  is  annexed  on  the  opposite  page 
The  following  observations  of  Professor  Nichol  on  this  comet  will  be  read  \ 
}  with  interest : — 

"  Early  ia  the  year  1843,  an  object  appeared  m  the  heavens  that  n 

»nished  many  worlds  besides  ours       Situated  in   the  region  below  the  f 

nstellation  Orion,  it  had  the  appearance  of  a  long  auroral  streak    visible  ' 

mediately  after  sunset,  and  evidently  pursuing  a  course  through  our  system    ', 

'.  Unfavorable  weather  concealed  it  fronii  me  ontil  the  26th  of  March,  when  it  ■ 

J  presented  the  dim  and  strange  appearance  I  have  shown  in  the  frontispiece.  The  ) 

(  beginning  or  head  of  this  streak,  although  never  observed  here,  was  often 

'  1  southerly  latitudes,  where  it  appeared  like  a  very  small  star  with  an  ( 

i  misty  envelope  ;  beyond  which  that  immense  tai!  streamed  througi 

sky.     There  is  no  reason  to  believe  that  this  nucleus  was  in  reality  a  star 

>nly  a  denser  portion  of  the  nebulous  substance  of  which  the  whole  object 

raposed ;  for  with  other  apparitions  of  the  same  kind,  whose  brighter  parts  5 

{  looked  like  a  star,  the  application  of  a  very  smaU  telescopic  power  has  always  < 

jugh  to  dissipate  the  illusion,  and  to  resolve  what  seemed  their  solid  \ 

region  into  a  thin  vapor. 

'  This  extraordinary  visiter  was  measured,  and  the  nature  of  its  path  de- 
i  tected  ;  and  certainly  the  results  of  these  inquiries  caused  us  to  look  on  it  with  j 
(  still  greater  wonder.     The  diameter  or  breadth  of  its  nucleus  was  rathe 
}  than  a  hundred  thousand  miles  ;  and  the  tail  streaming  from  it,  which  ii 
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a  broad,  stretched  through  the  celestial  spaces  to  the 
le  hundred  and   seventy  millions  of  miles,  or  about  the  J 
whole  size  of  the  orbit  of  the  earth.     Nor  were  its  motions  less  singular,   "Un- 
)  like  any  globe  connected  with  the  sun,  it  did  not  move  in  a  continuous  curve, 
J  which,  like  the  circle  or  ellipse,  re-enters  into  itself,  and  thus  constitutes,  to 
\  the  body  that  hsis  adopted  it,  a  fixed,  however  eccentric  home  ;  but  spying  our 
5  luminary  afar  off,  as  it  lay  amid  those  outer  abysses,  it  approached  along  the  ( 
rm  of  a  hyperbola,  rushed  across  the  orderly  orbits  of  our  system  into  closest  J 
eighborhood  with  the  sun,  being  at  that  time  apart  from  him  only  by  a  f 
)  enth  part  of  our  distance  from  the  moon,  and,  defying  his  attraction,  by  force  t)f  J 
jwn  enormous  velocity,  which  then  was  nothing  less,  in  one  part  of  its  J 
s,  than  one  third  of  the  velocity  of  light,  it  entered  on  the  other  divergent  > 
of  its  course,  and  sped  toward  new  immensities. 

It  was  when  retiring  that  this  unexpected  visitant  was  seen  for  a  brief  pe 
i  riod  in  Europe.    In  tiie  course  of  its  approach  it  must  have  passed  between  u 
(  Mid  the  sun,  causing  a  cometic  eclipse,  and,  in  so  far,  an  interception  of  his  5 
J  heating  rays  ;  but  that  occurred  during  our  night. 

'■  And  now,  what  is  to  be  made  of  this  extraordinary  apparition  ?  what  is  its  ) 
ture  ?  what  its  relations  to  our  system  ?  and  what  new  revelation  does  it  { 
I  bring  concerning  the  structure  of  the  universe  ?     Its  relations  with  our  system 
J  appear  to  have  been  few  and  transitory ;  and  in  this  it  resembles  the  probable 
<  millions  of  such  masses,  that  have,  since  observation  began,  crossed  the  plane- 
i  tary  orbits  toward  the  sun,  and,  after  bending  round  him,  gone  in  pursuit  of  J 
r  fixed  star.     No  more  than  three  are  known  to'  belong,  properly  ) 
S  speaking,  to  the  scheme  dependant  on  our  luminary — Encke's,  Biela's,  a 
{  Halley's  ;  but  though  these  do  revolve   around  him   in   fixed  periods,  the  c 
S  cumstance  must  be  regarded  in  the  light  of  an  accident,  their  orbits  being  J 
J  wholly  unlike  any  other,  and  having  little  assurance  of  stability ;  for  as  the 
>  cross  the  planetary  paths,  every  one  of  them  may  yet  undergo  the  fate  of  Le) 
5  ell's,  which,  by  the  action  of  Jupiter,  was  first  twisted  from  its  diverging  orbit  ) 
'  ito  a.  comparatively  short  ellipse  ;  and  then,  after  making  two  consecutive  J 
svolutions  around  the  sun,  so  that  it  might  have  begun  to  deem  itself  a  t" 
I  izen,  was,  by  the  same  planet  twisted  back  again,  and  sent  off,  never  to  rei 
3,  away  to  the  chill  abysses  !     Strange  objects,  with  homes  so  undefine 
S  flying  from  star  to  star-— twisting  and  winding  through  tortuous  courses,  u 
i  perhaps,  no  depth  of  that  infinite  has  been  untravorsed !    What,  then,  is  it  your  i 
J  destiny  to  tell  us  ?     To  what  new  page  of  that  infinite  book  are  you  an  ind 
J  We  missed,  indeed,  only  very  narrowly,  an  opportunity  of  information  which  j 
night  have  been  not  the  most  convenient ;  for  the  earth  escaped  being  involved  J 
n  the  huge  tail  of  our  recent  visiter,  merely  by  being  fourietn  days  behind  it.  ( 
[  For  one,  I  should  have  had  no  apprehension,  even  in  that  case,  of  the  realiza  ' 
J  of  geological  romances,  viz.,  of  our  equator  being  turned  to  the  pole,  and  the  ; 
/  pole  to  the  equator — the  ocean,  meanwhile,  leaping  from  its  ancient  bed. 

if  that  mist,  thin  though  it  was,  had,  with  its  next  to  inconceivable  swiftness,  i 

\  brushed  across  our  globe,  certainly  strange  tumults  must  have  occurred  in  the  ) 

atmosphere';  and  probably  no  agreeable  modification  of  ilie  breathing  medium  ( 

J  of  organic  beings.     Right,  certainly,  to  be  most  curious  about  come'^s  ;  but  pru-  > 

J  dent,  withal,  to  inquire  concerning  them  from  a  greater  distance  than  that :  al-  ( 

?  though  one  night  in  November,  1937, 1  cannot  be  persuaded  that  the  earth  did  ? 

not  venture  on  a  similar,  but  comparatively  small  experiment.     It  was  when  J 

Dur  globe  passed  from  the  peaceful  vacant  spaces  into  that  mysterious  meteor  ) 

region.     The  sky  became  inflamed  and  red  as  blood;  coruscations,  like  auro-  J 

ras,  darted  across  it ;  not  as  usual,  streaming  from  one  district,  but  shifting  } 

constantly,  and  sweeping  the  whole  heavens." 
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THUNDER-STORMS. 


[fcr-C/oK(it.— Chsraelerund  Eleetrio  > 

tiOQeforsach  Disobarge, — Disoharaa  ) 

pulsIonofEIectrizedClonds.— Char-  ) 

gative  Testimony  respecting  Thun-  ( 

ited  Cloud— AfteehCaaerelaledbv  ( 

—  Of  Volcanic   TfMn^^-Chuds.—  t 

-Theoreiieal  Ideas  of  its  Origin—  ( 
iding  Plashes  ofLiglitn 


Tiio  Deficiency  of  onr  present  Knowledge^q/  comnuja  ', 
ChargeofClonda.— Discharge  between  vicinaJ  Clouds.— I 
between  the  Cloads  and  the  Earth.— Mutual  Attraction . 
acteraof  the  apper  and  of  the  lower  Surface  of  Clouds, 
der  from  an  isoVted  Cload.—Casea  of  Lighlnuig  from  ai 
M.  Duperrey.— Obvious  Inferences  from  the  above  C 
Lightnmg  from  [he  Aslies,  Smoke,  and  Vapor  of  Volcan 

Of  the  Hd^ht  qf  Starmy  Clouds— Moie  of  Ohfetvciioi                         _                 _        __        _ 
nor  Limits  of  the  Height  of  Storm- Cloud  a.— Inefficiency  of  matiy  recorded  Obsen'atione.- Table 
of  Observations  as  cclleofed  hy  Arago.— Flash  of  Li^tning  from  a  Cloud  gpward.— O/"  Lirhl- 
tdng—Vaiieliea  of  Liglilning.— Zigsag  Ligblniug,- Jerked  Lightning.— Deficiency  in  onrYo-  ( 
cabolaty  of  Terms.— Sheet  Lightnmg.— Table  of   Inatancea  of  Ball-LiBhbiing.- Mr.  Harris's  J 
BxplHimtion  of  BaU-Lightulng.- Oo  the  Speed  of  Lig!Un.ing.~TbeorvoC  Vision  illnstrated  by   ) 
n  rotating  Disk.— Wheatstone's  Experiments.- Obaervstions  of  Ihe   Velocity  of  LighUiing.—  J 
Silent  Lighlniii^.-lleat  LighlniBg.— Thonder  Bursts.— Of  Laminons  Cfoads.- Clouds  them-   J 
selves  faintly  LuminouB.— Posffisaion  of  the  Quality  in  varioBs  Degrees.— Clooda  visibly  Lumm-  J 
ons.— Various  Obsetvalionaof  Inminoos  Clonds.— Sabine's  Observations.— W  TOanrfer.- RoUing  ) 
of  Thunder.- DuralionandlnlenBitvofrollingTbander.- VioientThnnderfroraBall-LighlniBg.-   ' 
Inierva!  between  Lightning  and  Thunder.— A  case  in  which  they  were  almost  aimultaneoos.- 
Thunder  without  Lightning.— Noise  attendant  on  Earthquakes— 0/  the  Aieev.pls  to  explaia  the 
fheaomena  of  T&^inder  and  Z^S; nin?.— Identity  of  Lightning  and  Bieotrioity.- Whether  poD- 
dorable  Matter,  or  a  Propagation  of  Undulations— Difficul ties  of  the  UndnUtoty  Hypolhesla,— 
Ball-Ligblning  and  the  Inferences  to  which  it  leads.— Bituminous  Matter  accompanying  a  Case 
of  Lightning  Discharge.-ExplanalJona  of  silent  Lightnings— Observations  of  silent  Lightnings,— 
Diffionltics  m  the  Ex^naUon  of  silent  LiehlningB-Arflgo'sSnggeslionfbrObservBtions-Lielit   ) 
ning  hidden  by  dense  Clouds.— Place  of  the  Soundof  Tbnndcr— G — -  -  ■"'- "  '    ' 

ts  of  Heal,  Cold,  Wind,  ic— On  the 


re  been  heard. — 


which  other 


Irander  heard  when  no  Cloud  was  Viable.- HypotheHs  of  the  Canse  of  Thunder  from  the  Cre-  , 

3f  a  Vacuum.— Contractions  and  DilatatiDus  of  the  Air  assigned  as  the  Cause.— Pouillefa  , 

yof  DecomposiUonsandlteoomposirionB.— Influence  of  Echo  in  causing  the  KolL— Dura.  ( 

cho.- Durationof  the  Hull  of  Thunder  at  Sea.— Dt.  Kobison'a  Explanation  of  Ihe  i 

Roll.— Application  of  the  Theory  to  Zigzag  Lightning.— IneiSciency  of  the  Theory.— Me 


Ling  a  Hint 


t  of  the  Length  of  a  Flash. 
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Since  the  epoch  of  the  memorable  experiments  of  Franklin,  meteorologi 
in  all  pans  of  the  world  where  physical  science  is  cultivated,  have  observed  j 
with  increased  interest  the  phenomena  of  ihunder-slorms.     Although  a  great  S 
body  of  facta  have  been,  by  such  means,  accumulated,   the  general  conclu- 
aions  deducible  from  them  are  few  ;  nor  are  even  these  few  invariably  sus- 
tained by  ihat  consistency,  and  harmony  of  effects  which  are  necessary,  lo  J 
command  universal  assent.    Indeed,  the  facts  themselves,  on  which,  alone,  any  j 
safe  and  certain  generalization  could  be  based,  were  isolated,  and  scattered  ( 
through  the  memoirs  of  the  various  scientific  bodies  to  which  their  observers  J 
had  originally  consigned  them  ;  and  many  of  the  most  important  and  valuable 
observations  remained  in  unpublished  memoranda,  or  were  incidentally  men- 
tioned in  the  narratives  of  voyagers  and  travellers,  where  they  were  little  like- 
ly to  attract  the  attention  of  those  who,  alone,  are  capable  of  estimating  their  5 
value,  until,  by  the  indefatigable  zeal  of  M.  Arago  ihey  were  collected,  ar- 
ranged, and  compared,  and  presented  to  the  world,  invested  with  all  those 
charms  of  style  which  render  the  productions  of  that  philosopher  so  universal- 
ly altractive.*  It  is  natural  that  the  impatient  student  should  desire  to  be  supplied  ) 
with  clear  and  comprehensive  principles,  and  be  relieved  from  the  tedious  de-  J 
tails  of  particular  observations  and  experiments ;  that  facts  should  be  laid  before  ) 
him  in  extensive  groups  and  classes,  so  as  to  suggest  easy  and  obvious  gener-  J 
alizations.     It  is  equally  natural  that  the  authors  of  elementary  and  general  } 
treatises  should  desire,  in  every  case,  to  present  the  scientific  truths  in  concise 
and  general  propositions,  connected  together  by  distinct  logical  relations.     Th( 
temptation  to  yield  lo  this  disposition  by  presenting  all  physical  problems  a; 
completely  resolved,  and  all  elementary  questions  as  completely  exhausted — 
of  laying  down  sweeping  conclusions  and  general  principles,  on  matters  which  J 
are,  in  fact,  surrounded  with  difficulty  and  doubt — is  most  hurtful  to  the  progress  \ 

•  See  Notice  aur  1e  Tonncrre  dans  I'Aaauaire  da  Bareau  deg  Longitsdea  pour  I'An  1S38. 
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I  a  great  impediment  to  the  development  of  truth.     To  no  part  ) 
of  physical  science  do  these  observations  apply  with  more  force  than  to 
subject  of  the  present  discourse.    That  the  phenomena  of  thunder  and  lightning  S 
ceed  from  sudden  and  violent  derangements  of  the  electricai  equilibrium  of  j 
atmosphere   or  the  clouds  which  float  in  it,  may  be  regarded  as  certain  ;   and 
}  that  the  laws  which  are  observed  to  prevail  among  electrical  phenomena  offer 
J  various  analogies  which  afford  explanations  more  or  less  plausible  and  proba- 
J  bie,  for  some  of  the  facts  observed  in  thunder-storms,  may  be  admitted.     But 
1  that  any  comprehensive  and  general  principles  have  been  established  from  ) 
?  which  the  various  atmospheric  phenomena  in  which  thunder  and  lightning  are  J 
i  exhibited,  can  be  deduced  in  the  same  manner,  and  with  the  same  clearness  ( 
/  and  cettainty,  as  the  effects  of  common  electricity  have  been  deduced  from  the 
>  theory  of  Dufaye,  Summer,  and  Poisson.  cannot  be  maintained.     Under  such  \ 
I  circumstances,  both  author  and  reader  must  patiently  subnait  to  the  investiga- 

n  of  facts  separated  from  theory  ot  hypothesis  ;  and  when  these  facts  have  J 
)  been  clearly  and  fully  stated,  such  general  consequences  as  they  justify  may  < 
<  be  easily  deduced  from  them,  and  the  apparent  discordances  which,  by  com- 
)  parison,  may  be  apparent  among  thera,  will  afford  grounds  for  further  observa- 
5  tion  and  inquiry  to  those  who  devote  their  labor  to  such  researches. 


s  generally  agreed  that  the  formation  of  clouds  is  due  to  tlie  partial  con-  i 
)  densation,  in  the  upper  regions  of  the  air,  of  the  vapors  which  have  exhaled  | 
J  from  the  surface  of  the  earth.     This  condensation  may  be  effected  by  any  ■ 
e  which  produces  a  diminution  of  temperature,  and  is,  probably,  in  n 
R,  the  consequence  of  the  mixture  of  two  currents  of  air,  charged  with  ? 
I  vapor,  and  having  different  temperatures.     The  positive  electricity  which  rise 
!  into  the  atmosphere  with  the  vapor,  and  which  augments  in  intensity,  as  th 
j  height  increases,  to  the  greatest  elevation  to  which  observation  is  extended,  i 
j  collected  in  the  clouds  thus  formed ;  and  when  the  globules  or  vesicles  con 

_  )sing  the  cloud  have  collected  together  in  sufficiently  close  proximity,  the  i 
s  cloud  takes  the  nature  of  one  continued  conductor  and  the  free  electricity  ac 
I  mulates  on  its  surface  in  the  same  maimer  as  on  the  conductor  of  an  electr 

I.     The   existence  of  positively-electrified  clouds  is,  therefore,  easily  { 
\  conceived.  J 

If  the  electroscopic  observations  which  indicate  negatively-electrified  clouds  j 
rightly  interpreted,  and  the  existence  of  such  clouds  be  admitted,  several  J 
j  hypotheses  have  been  proposed  to  explain  them. 

loud  in  ts  natural  stale,  or  feebly  charged  with  positive  electricity,  ap-  J 
an    h       loud  strongly  charged  with  the  same  electricity,  the  laKerwill 
up  n      an  inductive  action,  by  which  its  natural  electricities  will  be 
omp      d    h    positive  electricity  being  repelled  to  the  most  remote  part,  and  J 
ga     e  fl    d  being  accumulated  at  the  nearest  part.     If,  under  these  cir-  , 
h     nost  remote  part  be  in  contact  with  the  earth,  as  it  might  be,  ■ 
he  s  mm    of  a  mountain,  for  example,  the  positive  electricity  will  es-  ] 
o  the  earth,  and  the  cloud  will  remain  charged  with  negative  electricity.  ' 
/  cause  disengage  this  cloud  from  contact  with  the  earth,  it  will  float  in  I 
j  the  atmosphere  and  afford  an  example  of  a  negatively-electrified  cloud, 
j       If  two  clouds,  one  or  both  of  which  are  charged  with  electricity,  approach  ? 
J  each  other,  the  same  phenomena  must  be  evolved  as  when    two  conductors,  ' 

ir  both  of  which  are  similarly  charged,  come  together.     If  it  happen  (a 
j  circumstance  against  which  the  chances  are  infinite),  that  the  quantities  of  free  j 
J  electricity  with  which  they  are  charged  have  the  same  relation  as  they  would  j 
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have  when  the  cloitda  are  in  contact,  then  their  approach  and  subsequent  con- 
tact will  cause  no  change  in  their  electrical  stale  save  what  would  be  due  to 
inductive  action.  Their  charges  after  contact  will  be  the  same  as  before,  no 
electricity  passing  from  either  to  the  other.  But  if  their  electrical  charges 
have  not  this  particular  relation,  then  a  new  distribution  of  electricity  will  be 
the  consequence  of  their  mutual  approach  ;  that  which  has  less  positive  elec- 
tricity than  the  condition  of  contact  requires  will  receive  the  deficiency  from 
the  other,  and  this  change  will  be  effected  hy  an  explosion  before  the  actual 
contact  of  the  clouds,  in  the  same  manner  as  the  electrical  equilibrium  of  two 
conductors  is  established  by  the  transmission  of  the  spark  before  contact. 
The  distance  at  which  the  explosion  will  take  place,  and  its  force,  will  depend 
on  many  circumstances,  such  as  the  difference  between  the  actual  charges  of 
the  clouds,  and  the  charges  due  to  contact,  the  form  of  the  clouds,  and  the 
state  of  the  intervening  atmosphere. 

It  is  evident,  therefore,  that  an  electrical  explosion  may  lake  place  between 
two  clouds,  whether  they  are  both  similarly  electrified,  or  oppositely  electrified, 
or  one  be  electrified  ami  the  other  in  its  natural  state. 

As  the  ground  is,  in  general,  negatively,  and  the  clouds  positively  elec- 
trified, a  discharge  will  take  place  between  the  clouds  and  the  earth  when  the 
former  approach  the  earth  within  such  a  distance  that  the  force  of  the  electri- 
city shall  overcome  the  resistance  of  the  surrounding  air. 

Since  free  electricity  accumulates  in  great  inlensity  at  prominent  points 
of  a  conducting  body,  the  negative  electricity  of  the  earth  may  be  expected  to 
be  most  intense  at  mountain  summits.  Clouds  being,  in  general,  charged  with 
positive  electricity,  an  attraction  will,  consequently,  be  exerted  upon  them 
which,  conspiring  with  the  attraction  of  gravitation,  will  draw  them  round  such 


The  mutual  approach  of  two  clouds  oppositely  electrified  is  promoted  by  the 
attraction  due  to  their  electricities  :  but  when  two  clouds  are  similarly  electri- 
fied they  will  repel  each  other  and  their  approach  must  be  due  to  contrary  cur- 
rents of  air  passing  through  strata  of  the  atmosphere  at  different  elevations,' by 
which  the  clouds  are  brought  one  under  the  other. 

Beccaria,  who  observed  at  Turin,  in  Piedmont,  in  a  country  eminently  fa- 
vorable for  such  observations,  being  almost  surrounded  by  lofty  ranges,  has  re- 
corded, with  great  precision,  the  appearances  of  the  clouds  procursive  of  a 
storm.  The  observations  of  this  philosopher  being  limited  to  the  lower  sur- 
face of  the  clouds,  M.  Arago  has  obtained  some  accounts  of  the  superior  sur- 
face, from  the  military  engineers  employed  in  the  trigonometrical  survey,  and 
who,  being  placed  at  elevated  stations  on  the  Pyrenees,  were  enabled  to  ob- 
serve the  superior  surface  of  the  strata  of  clouds  situated  below  them.  From 
the  reports  of  these  officers,  and  especially  those  of  MM.  Peytier  aud  Hos- 
sard,  it  appears  that  there  is  no  correspondence  between  the  upper  and 
lower  surface  of  a  stratum  of  thunder-clouds ;  that  when  the  inferior  sur- 
face is  perfectly  even  and  level,  the  superior  surface  will  be  broken  into 
ridges  and  protuberances,  rising  upward  to  great  altitudes,  like  the  surface  of 
'  the  earth  in  an  alpine  district.  In  times  of  great  heat,  such  strata  were  ob- 
served suddenly  to  send  upward  lofly  vertical  cones,  which,  stretching  into 
higher  regions  of  the  air,  established,  by  their  conducting-  power,  an  electrical 
communication  between  strata  of  the  atmosphere  at  very  different  heights. 
This  appearance  was  generally  observed  to  precede  a  thunder-storm. 

Franklin,  Saussure,  and  most  other  meteorologists,  have  agreed  that  thunder 
never  proceeds  from  a  solitary,  isolated  cloud.  Franklin  states,  that  if  a  thun- 
der-cloud be  at  any  considerable  distance  from  the  zenith  of  the  observer,  so 
as  to  be  viewed  obliquely,  it  will  be  apparent  that  there  are,  in  every  such  case, 
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other  ;  and  that  s< 
surface  of  the  e 

states  that  he  never  witnessed  lightning  to  proceed  from  a  solitary' } 
cloud.     In  observations  on  the  Col  de  Geanl,  when  a  single  cloud,  howei 

dense  and  dark  it  might  be,  was  seen  upon  the  summit,  no  thunder  was  ei^.,  , 

heard  to  issue  from  it ;  but  whenever  two  strata  of  two  sach  clouds  were  formed,  ' 

one  beJow  the  other,  or  if  clouds  ascended  from  iho  plain  and  approached  that  S 

collected  round  the  summit,  the  encounter  was  attended  bv  a  storm  of  thunder,  ' 

hail,  and  rain.  '  i 

Such  is  the  negative  testimony  of  Franklin  and  Saussure  against  the  fact  of  } 

thunder  proceeding  from  solitary  clouds.     Franklin  is  even  more  circumstan-  } 

tial  than  Saussure,  and  maintains  that  tliunder  never  proceeds  from  any  save  a  } 

cloud  of  great  magnitude,  below  which  are  placed  a  series  of  smaller  clouds,  ( 

identical  in  fact,  with  the  adscititious  clouds  of  Beccaria.  i 

Negative  evidence  is,  however,  not  conclusive  against  a  fact,  unless  the  wit-  j 

ness  be  actually  present  at  the  time  and  place  of  its  alleged  occurrence.     Had  j 

the  eminent  philosophers  above  mentioned  consulted  the  records  of  science,  \ 

their  persuasion  of  the  impossibility  of  thunder  issuing  from  a  single  cloud  I 

would  have  been  shaken.      It  is  related  in  a  memoir  of  the  academician  ( 

Marcorelle  of  Toulouse,  that  on  the  12lh  of  September,  3747,  the  heavens  being  I 

generally  cloudless,  a  single  smail  cloud  was  seen,  from  which  thunder  rolled  ( 

and  Hghming  issued,  by  which  a  female  by  name  Bordenare  was  killed.  J 

In  his  meteorological  observations  made  at  Denainvilliers,  Duhamel  de  Mon-  I 

ceau  relates  that  on  the  30th  of  July,  1764,  at  half  past  five,  A.  M.,  in  bright  ) 

sunshine  and  a  clear  sky,  there  appeared  a  small  dark  solitary  cloud,  from  ( 

which  thunder  and  lightning  proceeded,  by  which  an  elm-tree  near  the  chateau  ) 

was  stricken.  .  > 

Similar  observations  of  lightning  having  issued,  followed  by  thunder,  from  ) 

solitary  clouds,  have  been  recorded  by  Bergman  and  by  Captain  Hossard,  al-  \ 

ready  mentioned.  .  ( 

M.  Duperrey,  who  commanded  the  French  corvette  Uranie,  relates  that  being  { 
in  the  straits  of  Bombay,  in  November,  1818,  he  saw  a  small  white  cloud  in  a 
clear  sky,  from  which  lightning  issued  in  all  directions.     It  ascended  slowly 

in  the  heavens  in  a  direction  opposed  !o  the  wind,  and  was  at  a  great  distance  \ 

from  all  other  clouds,  which  appeared  to  be  fixed  upon  the  horizon.     This  j 

cloud  was  round  in  its  form,  and  did  not  exceed  the  apparent  magnitude  of  the  \ 
sun.     Zigzag  lightning  issued  from  it,  followed  by  thunder  which  resembled 
the  irregular  discharge  of  musketry  from  a  battalion  commanded  to  fire  at 

pleasure.     This  phenomenon  lasted  for  about  thirty  seconds,  and  the  cloud  j 

completely  disappeared  with  the  last  detonations.  i 

Such  are  the  evidences  on  the  question  whether  the  presence  and  proximity  j 
of  a  plurality  of  clouds  be  essential  to  the  development  of  the  phenomenaof  \ 
thunder  and  lightning.  The  analogies  offered  by  common  electricity  favor  the  J 
supposition  that  two  or  more  clouds  are  essential ;  and  for  this  very  reason  the  > 
greater  should  be  the  caution  for  receiving  the  testimony  of  observers.  It  is  J 
difficult  for  those  whose  minds  are  prepossesse'd  by  theory  to  observe  and  re-  \ 
cord  facts  and  appearances  as  they  are ;  there  is  a  disposition  sometimes— 
perhaps  often— to  see  them  as  it  is  supposed  they  ought  lo  be,  and  consequent- 
ly the  testimony  of  the  ignorant  is  frequently  more  deserving  of  attention  than  j 
that  of  the  better  informed.  Be  this  as  it  may,  the  subject  is  one  well  worthy  j 
of  attention,  and  all  persons,  who  happen  lo  bo  located  in  regions  where  these  J 
phenomena  prevail,  will  have  it  in  their  power  to  contribute  to  the  real  advance-  J 
1,  by  carefully  and  accurately  noting  down  what  passes  above  j 
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S  them,  more  effectually  than  those  who  with  greater  pretensions  attempt  to  build  i 
!  up  theories,  which,  at  best,  can  have  no  other  object  than  as  means  of  classify- 
j  ing  facts  and  guiding  observers  to  ihe  fittest  objects  of  examination. 


issued  from  S 


s  other- 


i       The  clouds  of  ashes,  smoke,  and  vapor,  which  issue  from  volcanoes,  exhibit  ( 
(  the  phenomena  of  thunder  and  lightning.     All  observers,  ancient  and  moder 
(  concur  in  their  evidence  on  this  question.    Pliny  the  younger,  in  his  celebrated  j 
{  letters  to  Tacitus,  speaks  of  the  lightning  that  issued  from  the  clouds  i 

lion  of  Vesuvius,  in  the  year  79  of  the  Christian  era,  in  which  his  uncle,  i 
(  Pli?iy  the  naturalist,  lost  his  life.  Delta  Torre  gives  the  same  evidence  respect-  J 
J  ing  the  eruption  of  1182  ;  and  Bracini  states  that  the  column  of  smoke  which  i 
;  issued  from  the  same  volcano  in  the  eruption  of  1631,  and  which  spread  in  the  J 
atmosphere  to  a  distance  of  forty  leagues,  was  attended  by  lightning,  by  which  S 
(  many  persons  and  animals  were  killed.     The  lightning  in  all  these  a 

'  ascribed  as  being  tortuous  and  serpentine.     The  same  description  is  given  J 
j  by  Giovanni  Vahtta  of  the  appearance  of  the  eruption  of  1707.  ( 

The  inhabitants  of  the  foot  of  the  mountain  assured  Sir  William  Hamilton  i 
j  that,  in  the  eruption  of  1767,  there  were  more  terrified  at  the  lightning  which  j 

among  them  than  at  the  burning  lava  and  other  fearful  c' 
J  tending  the  eruption. 

Sit  William  Hamilton  states,  that  in  the  eruption  of  1779  tl 
he  crater  of  Vesuvius,  together  with  the  red-hot  fluid  lava,  conslar 
}  black  smoke,  intersected  by  serpentine  lightning,  which  appeared  a 
nent  it  escaped  from  the  crater. 

In  1779  the  lightning  was  not  attended  by  audible  thunder,     It  « 
vise  in  the  eruption  of  the  16th  of  June,  1794,  of  which  an  account  has  bee 
j  supplied  by  the  same  observer.     During  the  latter  eruption,  the  loudest  an 
J  most-continued  claps  of  thunder  were  heard.     The  lightning  was  in  this  cas 
)  productive  of  the  usual  efiects.     Houses  stricken  by  it  were  destroyed,  and  the  } 
clouds  of  ashes,  from  which  these  lightnings  issued,  were  carried  by  the  v  ' 
as  far  as  Tarentum,  a  distance  of  one  hundred  leagues  from  Vesuvius,  where  ) 
i  the  lightning  struck  a  building  and  destroyed  a  part  of  it.    The  ashes  of  which  { 
■  s  cloud  was  composed  were  as  fine  as  common  snuff. 
According  to  Seneca,  a  great  eruption  of  Etna,  in  his  own  time,  was  accom- 
j  panied  by  similar  efiects,  and  the  same  phenomena  are  recorded  by  the  Abb6  ) 
J  Francesco  Ferrata  of  the  eruption  of  1755.  J 

When  the  island  called  Sabrina,  in  the  neighborhood  of  the  Azores  (which  J 
las  since  disappeared),  rose  from  the  sea  in  1811,  columns  of  intensely  black  J 
J  smoke,  composed  of  dust  and  ashes,  ascended  from  the  bosom  of  the  deep,  and  } 
verc  intersected  in  their  darkest  and  most  opaque  parts  by  vivid  lightnings. 

The  same  appearance  were  observed  in  the  small  volcano  which,  in  July,  1 

1831,  appeared  between  Sicily  and  PanteJlaria. 

1      It  would  be  natural  to  ascribe  the  electricity  of  volcanic  clouds  to  the  aque- 

j  ous  vapor  which  is  ejected,  mixed  with  the  dust,  ashes,  and  lava,  in  great  quan- 

i  titles  from  the  crater  i  but  this  supposition  is  not  so  free  from  difficulties  as  to 

e  admitted  without  some  hesitation.  In  the  eruption  of  Vesuvius,  in  1794,  it  J 
)  is  hard  to  conceive  that  the  vapor  should  be  carried  uncondensed  from  Vea 
j  vius  to  Tarentum ;  nor  was  there  anything  in  (the  appearances  on  that  occasion  J 
S  which  indicated  the  presence  of  any  other  substance  in  the  cloud  save  a  f 
J  dust  i  yet  the  lightning  struck  a  building  at  that  place.  According  to  the  n 
)  jative  of  M.  Tellard,  who  witnessed  the  phenomenon,  columns  of  black  smc 
9  from  the  ocean  before  the  island  of  Sabrina  was  formed.     In  this  ca 
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The  distance  of  the  clouds  from  which  Hghtning  proceeds  is  estimated  by  ( 
observing  the  interval  of  time  which  elapses  between  the  moment  at  which  the  j 
flash  is  seen  and  that  at  which  the  thunder  is  heard.  It  has  been  demonstrated  { 
by  certain  astronomical  observations,  that  light  is  propagated  through  space  at  I 
the  rate  of  about  two  hundred  thousand  miles  in  a.  second  of  lime.  This  space  ( 
being  greater  in  a  vast  proportion  than  the  greatest  distance  at  which  any  thun-  ( 
der  cloud  can  be  placed  from  the  observer,  it  may  be  assumed  that  the  moment  f 
at  which  the  lightning  is  seen  is  practically  coincident  with  the  moment  a 
which  it  emanates  from  the  cloud.  It  has,  however,  been  also  proved  that  f 
sound  is  propagated  through  the  air  at  about  eleven  hundred  feet  per  second.  ■ 
This  rate  is  subject  to  some  small  variations,  depending  on  the  temperature  of  | 
the  air,  but  for  our  present  purpose  it  may  be  taken  at  its  mean  value.  If,  then,  > 
the  number  of  seconds  be  observed,  which  elapse  between  the  moment  a  flash  ) 
of  lightning  is  seen  and  the  moment  the  thunder  consequent  upon  it  is  heard,  ■ 
and  eleven  hundred  feet  be  allowed  for  each  second  in  that  interval,  the  dis-  ; 
tance  of  the  place  whence  the  lightning  issues  from  the  observer  will  be  de-  ■ 
termined.  'i'hus,  if  five  seconds  elapse,  tlie  distance  will  be  five  thousand  1 
five  hundred  feet ;  for  six  seconds,  it  will  be  six  thousand  six  hundred  feet,  and  J 

If  the  cloud  be  vertically  over  the  observer,  this  distance  will  be  equal  to  it 
actual  height  above  the  level  of  the  observer.    If  it  be  not  veiticai,  then  its  ar 
gular  elevation  mu&t  be  observed,  and  the  height  above  the  level  of  the  observer  ( 
will  be  obtained  bj  multipljmg  the  computed  distance  by  the  trigonometrical  j 
sine  of  the  angular  elevation 

The  height  of  I  bunder- clouds  is  also  attempted  to  be  determined,  by  observ- 
ing the  eff"ecls  produced  upon  objects  in  elevated  situations  stricken  by  the  ( 
iighining  which  issues  from  them      If  it  be  admitted  that  lightning  always  de- 
scends from  the  clouds  toward  the  earth,  then  it  may  be  inferred  that  the  place 
where  such  efi'ecls  are  manifested  must  be  lower  than  the  position  of  ihe  cloud  ( 
from  which  the  lightning  proceeds  ,  but,  if  it  shall  appear  that  lightnings  s( 
times  dart  upward,  nothing  respecting  the  height  of  the  cloud  can  be  inferred  \ 
from  such  efiects.     Among  those  effects  which  lightning  produces  when  it 
strikes  the  earth  is  the  superficial  vitrification  of  rocks.     Such  etfects  have 
been  observed  on  the  summits  of  some  of  the  highest  mountains  of  South  J 
Amerila  by  Humboldt,  on  the  summit  of  Mont-Blauc  ^  Saussure,  and  on  the 
Pyrenees  by  Ramond. 

In  cases  where  no  means  have  been  taken  by  those  who  witnessed  thunder- 
storms to  determine  the  height  of  the  clouds  from  which  they  proceed,  the  si^ 
uaiions  of  the  observers  themselves  afford  a  minor  limit  of  the  value  of  that  j 
height.  Bouguer  and  La  Condamine  were  assailed  by  a  thunder-storm  on  one  J 
of  the  summits  of  the  Cordilleras,  in  Peru.  Saussure  and  his  son  encountered  ( 
violent  storms  on  the  Col  du  Giant  and  Mont-Blanc.  MM.  Peytier  and  Hos-  ^ 
sard  witnessed  thunder-storms  on  the  Pic  de  Troummse,  the  Pic  de  Baletous,  i 
and  the  Tuc  de  Maupas,  in  the  Pyrenees, 

Such  are  the  principal  observations  collected  by  M.  Arago,  made  in  m 
ainous  localities.     The  comparison  of  the  results  of  these  with  the  heights  of  j 
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I  thunder  clouds,  computed  from  observations  made  in  flat  countries  and  at  sea, 

lid  supply  means  of  determining  whether  the  deyelopinent  of  storms  is  af- 

i  fected  by  the  density  of  the  air  in  which  the  clouds  float,  or  by  their  proximity 

{  to  the  surface  of  the  earth.     Thus,  if  it  should  appear  that,  in  clouds  at  the 

e  height  above  the  level  of  the  sea,  storms  are  developed  more  frequently 

{  when  these  clouds  are  in  the  neighborhood  of  mountains,  and  therefore  at  a 

S  comparatively  small  distance  from  the  surface  of  the  earth,  it  would  follow,  with 

a  probability  proportionate  to  the  number  and  character  of  the  facts  observed, 

;  that  the  earth  exerts  an  influence  on  clouds  charged  with  electricity  independ- 

intly  of  the  atmosphere  in  which  these  clouds  float. 

The  height  of  thunder-clouds  observed  in  a  flat  country,  or  at  soa,  are  ob- 

{  tained  by  the  method  first  mentioned,  that  is,  by  observing  the  interval  between 

j  the  flash  and  the  thunder,  and  measuring  or  estimating  the  angular  elevation 

J  of  the  cloud.    Unforlmiately,  the  latter  element  of  the  computation  has  been  very 

j  frequently  neglected  by  observers,  the  sole  object  having  been  apparently  to 

(  determine  the  distance  of  the  cloud  from  their  station,  and  not  its  vertical  height. 

iome  cases  it  appears,  incidentally,  that  the  cloud  from  which  lightning  is- 

d  was  in  the  neighborhood  of  the  zenith,  and  consequently  the  distance  may 

taken  as  equivalent  to  the  height.     In  some  few  the  angular  elevation  has 

J  been  observed  and  recorded,  and  consequently  the  vertical  height  of  the  cloud 

>  may  be  computed. 

The  following  results  of  the  labors  of  various  observers  have  been  collected 
}  by  M.  Arago  : — 
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The  height  of  thunder-clouds  determined  by  other  data  being  in  some  cases 
greater  than  the  heights  of  rocks  vitrified  by  lightning,  there  is  nothing  in  the 
comparison  of  thei results  •xhibited  in  the  preceding  table,  to  justify  the  suppo- 
sition that  the  viwifications  observed  by  Humboldt,  Saussure,  and  Ramon,  did 
not  proceed  from  lightning  which  issued  from  clouds  a»  a  greater  elevation. 
But,  on  the  other  hand,  facts  are  not  wanting  to  show  that  this  inference  can- 
not be  certainly  made.  There  is  a  church  in  Styria  erected  on  a  summit  of  a 
lofty  peak  called  Muant  Saint  Ursula.  Jean-Baptiste  Werloscknigg,  a  medical 
practitioner,  who  happened  to  visit  this  church  on  the  first  of  May,  1700,  ob- 
served a  stratum  of  dense  black  cloudjs  to  be  formed  below  him  at  about  half  the 
elevation  of  the  place  where  he  stood.     These  clouds  soon  became  the  seat  of 
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a  violent  thunder-storm.     Meanwhile  the  heavens  remained  perfectly  clear,  the  ? 

sun  shining  with  unusual  splendor.     No  one  thought  for  a  moment  of  danger ;  J 
J  nevertheless,  a  flash  of  lightning,  ascending  from  the  cloud,  struck  the  church, 
J  and  killed  seven  persons  who  were  in  company  with  Weiloschnigg. 
J      It  is,  therefore,  clearly  established  that  lightning  may  issue  upward  from  j 
)  thunder-clouds. 


Lightnings  are  resolved  by  M.  Arago  into  three  classes  r  First,  the  zigzag,  • 
which  present  the  appearance  of  narrow,  well-defined  threads  or  lines  of  Tight,  \ 
folJowing  a  course  which  is  clearly  enough  expressed  by  their  name.  In  ■ 
color  they  vary,  being  often  white,  sometimes  purple,  blue,  or  violet.  Second, 
those  lightnings  which  appear  diffused  over  extensive  surfaces,  and  which  are  ■ 
commonly  called  sheet-lighlning.  In  color  these  also  vary,  being  often  an  in-  ) 
tense  red,  but  occasionally  while,  blue,  or  violet.  This  lightning  has  an  ap-  ( 
pearance  of  a  momentary  light  seen  through  a  plate  of  glass  rendered  semi-  ) 
transparent  by. having  its  surface  ground.  Third,  lightning  which  moves  \ 
through  the  air  at  a  comparatively  slow  rate,  appearing  like  a  luminous  ball  or  > 
sphere,  or  like  a  globe  of  fire.     Let  us  call  this  ball-lightning.  J 

The  almost  incredible  velocity,  as  will  hereafter  appear,  of  lightning  of  the  j 
first  class,  would  hardly  seem  compatible  with  the  sudden  and  extreme  changes  \ 
of  direction  to  which  its  motion  is  subject.  This  frequent  reversion  of  direc-  j 
lion  has  been  more  especially  observed  in  the  lightning  which  traverses  vol-  \ 
canie  clouds.  Minute  and  circumstantial  accounts  of  such  appearances  have  > 
been  supplied  by  Sir  William  Hamilton  and  others,  who  have  observed  the  C 
eruptions  of  Vesuvius.     In  the  eruption  of  1707,  described  by  Sorrent 

the  lightnings  which  issued  from  the  crater  traversed  the  cloud  of  ashes  a 

as  the  cape  Pausillippo,  where  the  cloud  terminated.    After  attaining  that  point  \ 
the  lightning  retraced  its  course,  and  struck  the  summit  of  the  volcano. 

Sir  William  Hamilton  states,  that  in  the  eruption  of  1779  the  lightning  wa: 
generally  confined  in  its  play  to  the  cloud  of  ashes  which  extended  towari 
Naples ;  that  in  traversing  that  cloud  from  the  crater  to  its  limits,  it  seemed  tc 
menace  the  city  with  destruction  ;  but  it,  nevertheless,  after  reaching  the  limit  ( 
of  the  cloud,  returned  toward  the  crater,  where  it  rejoined  the  ascending  col- 
umn whence  it  originally  issued. 

Zigzag  lightning  seldom  flashes  between  two  clouds.     It  is  generally  mani- 
fested between  a  cloud  and  some  terrestrial  object. 

It  has  been  supposed  that  the  extremity  of  the  lightning  of  the  first  class  has 
a  barbed  form,  like  the  point  of  an  arrow.  Of  this  there  is  no  sufficient  evi- 
dence. It  is,  however,  sufiiciently  ascertained  that  it  is  often  attended  by  the 
effect  which  has  given  it  the  name  oi  forked  lightning.  Thus,  when  a  single 
luminous  line  issuing  from  a  cloud  has  traversed  a  certain  distance  it  will  > 
somelime^s  divide  itself  into  two  lines,  which,  diverging  at  an  angle  more  or 
less  considerable,  will  strike  distant  objects.  In  some  cases  it  has  been  seen 
10  separate  into  three  perfectly  distinct  lines.  The  former  may  be  called  bi- 
cuspidated,  and  the  latter  tri-cuspidated  lightning.      ■  • 

Well -ascertained  examples  of  these  phenomena  are  rare ;   the  occasional  ( 
occurrence  is  not,  hotvever,  the  less  certain.     The  abbe  Richard  states  that  J 
he  witnessed  a  flash  of  lightning  which  left  the  cloud  in  a  single  line  of  light, 
and  at  some  distance  from  the  earth  dividing  into  two,  and  each  part  struck  a  \ 
separate  object. 

NicHoLsijN  stales,  that,  in  a  storm  which  broke  over  the  west  end  of  London,  , 
I  on  the  19th  of  June,  1781,  being  at  Battejsea,he  saw  distinctly  several  flashes  [ 
I  of  bi-cuspidated  lightning. 
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ie  Abbe  Ferrara  relates  that  on  the  18th  of  June,  1763,  he  witnessed  \ 
ispidated  lightnings  in  the  clouds  which  issued  from  the  southern  side  of  j 
Etna  during  an  eruption. 
_  The  German  meteorologist,  Kamtz,  states  that  he  witnessed  on  one  occa- 
sion, and  one  only,  tri- cuspidated  lightning. 

If  the  simultaneous  destruction  of  two  or  more  objects  in  the  same  locality  | 
by  lightning  could  be  taken  aa  conclusive  evidence  of  a  corresponding  sub-di- 
vision of  a  single  flash,  numerous  examples  might  be  given  of  mulii-cuspidated  j 
)  lightning.     Such  grounds  are,  however,  too  conjectural  to  be  admitted  as  ' 
J  basis  of  any  safe  conclusions. 

S  It  is  a  general  opinion  that  cuspidated  lightnings,  or  lightnings  of  the  first  I 
J  class,  are  those  only  by  which  terrestrial  objects  are  stricken.* 
J  The  lightnings  of  the  second  class,  or  sheH-Ugklnings,  are  inferior  in  the  in- 
J  tensity,  and  generally  difierent  in  the  color  of  their  light,  from  those  of  the 
5  first  class.  These  distinctions  are  very  apparent  whenerer  the  space  over  which 
I  sheet-lightning  is  diffused  is  intersected  by  flashes  of  cuspidated  lightning. 
)  Sheet-lightning  sometimes  appears  to  illuminate  the  edges  only  of  the  clouds ; 
S  occasionally,  however,  it  seems  to  issue  from  the  interior  of  their  mass.  The 
j  common  expression  that  the  clouds  appear  to  open,  is  strongly  indicative  of  its 

)       Sheet-lightning  is  that  which  is  the  most  frequent,  and  everj'  one  is  familiar 
I  with  its  appearance,  many  having  never  seen,  or  never  noticed  any  other.     ' 
j  common  thunder-storms  it  appears  in  a  thousand  cases  for  one  in  which  c 
(  pidated,  or  bail-lightning,  is  exhibited. 

I  flashes  of  sheet-lightning  often  appear  in  very  rapid  succession,  and  j 
lie,  with  interruptions,  for  many  hours.  In  extreme  heat,  these  flashes  f 
)  succeed  each  other  as  rapidly  as  the  flapping  of  the  wings  of  a  small  bird,  and  J 
\  present  a  flickering  appearance  in  the  clouds  which  they  illuminate.  The  J 
j  thunder  by  which  diey  are  accompanied  is  generally  low  and  distant. 

Lightning  of  the  third  class,  or  ball -lightning,  is  still  more  rare  in  its  appear-  . 
.nee  than  the  zig-zag,  or  cuspidated  lightning.  The  following  instances  of  this  ) 
neteor  have  been  collected  by  M.  Arago : — 

•  If  the  reader  has  allentively  considered  the  preceding  paragraphs,  and  what  has  been  elsewtiefe 

vnaen  on  itiifl  aubjeot,  ho  will  be  Benaible  of  the  deficiency  in  ihe  vocaholaiy  of  ihe  Englisb  laa- 

}   guage  OS  regards  Ihe  eifecls  necessary  to  he  ejtpressed.    Thercarethreedistincttermaiulhe  French  , 

J   language,  ieronncire, L'fiefaiV, and  in Fffu/fie.     ThefirstexpresseBthesonndproeeediDg&onithe  ( 

S  clouds  which  DBually  foUows  the  flash  of  light,  and  is  properly  translated  by  thaader.     The  second 

■.  '"^rosseB  the  light  which  precedes  the  thunder,  and  the  ibird  expresses  the  actual  matter,  the  phyai- 

mbstajice.  whatever  it  ma^  be.  which  strikes  terrestrial  objects,  and  produces  those  effects  which 

BO  well  known.    In  English  there  is,  properly  speaking,  no  term  corresponding  to  La  Faudre, 

B  terms  thunder  and  ligfitnine  are  indifferently  nsed  lo  express  the  same  eiTect  as  when  we  say 

.  .  oder^trTKk  and  strucSmlk  lightning.    In  French  there  is  also  Ihe  oseful  and  necessary  verb 

i  foudroyer.  of  which  there  ia  no  hettec  Bngliab  synanyme  than  lo  lirike  with  Ughlaing.     The 

(  thonder-hollcorraaponda  to  iof™d«,bol  it  is  scarcely  admissible  into  ihenomenolBtDreoftcit 
(   The  dedric  fivid,  which  is  eomelimes  used  to  avoid  the  term  thanSer-bolt,  is  faally,  inasaiach  a^  ou 
J  effect  familiar  to  all  niankmd  in  all  Bge8,oughtnottobBeipreasedbyalennhavingunme*iaterBfec- 
t   nnw  In  mndpni  physical  Hcience. 
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Before  the  concurrent  force  of  this  evidence  all  doubt  as  to  the  reahly  of  ball- 
S  lightning  must  disappear. 

"  while  on  the  one  hand  we  are  compelled  to  admit  that  such  phenom- 
)  occur,  and  that  tbey  are  true  electrical  effects,  on  the  other  hand  we 
1  less  compelled  to  trace  in  them  the  characters  of  a  different  kind  of 
1  electrical  discharge  from  the  ordinary  lightning  flask.  Professor  Faraday  divides 
\  the  forms  of  discharge  into  the  spark,  the  brush,  and  the  glow.  The  ghxD  is 
j  most  readily  obtained  in  the  rarefied  air  of  a  partially  exhausted  receiver  ;  and 
(^differs  from  the  brush  in  being  due  to  a  constant  renewal  of  discbarge  instead  ) 
J  of  an  intermitting  action.  Now  Mr.  Snow  Harris  suggests  in  his  recent  TreO'  J 
j  Use  on  Thunder  Storms,  p.  38,  that  the  ball  discharge  in  ques 
)  many  features  of  resemblance  to  the  glow  ;  and  in  addition  it  po; 
<  The  latter  fact  is  readily  accounted  for,  inasmuch  as  the  cloud  which  c 
)  discharge  is  always  progressing.     The  transition  from  the  glom  to  the  spark,  or 

"     "     '  *■  y   errestrial  ob- 

I      h     striking  dis- 

g  only  so  long 

h         is  described 

pi  d  d  on  the  top- 

xpect.     And 


j  flash,  is  easily  explained ;  for  when  t 
j  ject  by  which  the  resistance  to  dischar  d      d 

j  tance,  disruptive  discharge  must  take  pi  h     gl  w 

s  the  resistance  opposed  the  actual  flash      S     h      I   11  d 
s  having  approached  the  ship  "  Montag  d       h 

1  mast ;  and  ibis  is  just  what  Mr.  Harris's  h    ry       uld  1 
(  there  is  reason  to  believe  that  many  of  the  cases  before  m 
\  among  the  effects  of  lightning.     We  shall  again  advert  ii 

I  THE    SPEED   OF 


this. 


The  solution  of  this  problem  is  due  to  Wheatslone,  and  like  some  other  ro- 
iiilts  of  physical  inquiry,  such  as  the  abstraction  of  lightning  from  the  clouds, 
"  ■■'  "'■  effected  by  a  boy's  kite,  and  the  iridescent  effect  due  to  the  varying 
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)  magnitudes  of  luminous  undulations,  which  were  derived  from  observations  on  i 
'.  soap-bubbles  blown  from  a  tobacco-pipe,  it  is  found  in  the  plaything  of  a  child.  ' 

>  Every  one  knows  that  if  the  end  of  a  lighted  stick  be  whirled  rapidly  round  in  i 
J  a  circle  or  other  curve,  it  will  present  the  appearance  of  a  ccmtinued  iine  of  | 

>  light,  the  lighted  end,  which  occupies,  in  succession,  every  poiat  of  the  curve,  . 
5  appearing  to  the  eye  to  be  continually  present  at  all  its  points.  | 


To  develope  the  principle  on  which  this  fact  rests,  let  fig.  1   represent  a  j 
wheel  with  ten  thin  spokes  or  radii,  dividing  its  circumference  in  ten  equal  ) 
parts,  and  of  some  strong  bright  color,  such  as  red.     Let  this  wheel  be  put  ii 
communication  with  clock-work,  so  as  to  be  made  to  revolve  uniformly  at  any  ? 
required  rate.     This  wheel,  having  its  face  vertical,  and  turning  on  a  horizon- 
tal axis  ;  let  a  screen  be  placed  before  it,  so  as  to  conceaI<it  from  view,  and  in 
this  screen  let  an  oblong  opening  be  made,  corresponding  in  magnitude  and 
position  to  that  spoke  of  the  wheel  which  is  in  the  vertical  position  and  pre- 
sented from  the  centre  upward.     Let  the  screen,  with  such  an  aperture,  he  J 
represented  in  £g.  2. 
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J  indistinct,  until,  at  lenglh,  a  velocity  will  be  attained  which  will  cause  a  spoke 

J  to  be  continually  seen  at  the  opening  o,  in  the  same  manner  as  if  the  wheel  j 

S  wete  at  rest,  and  the  spoke  a  were  ]ilaced  behind  the  aperture.     Now,  s 

?  it  ia  certain  that  in  this  case  the  presence  of  the  spokes  at  the  aperture  is 

J  cessive,  and  that  the  intervals  which  the  spokes  are  absent  bear  to  the  intervals  ) 

S  of  their  presence,  the  proportion  of  the  breadth  of  the  spokes  to  the  breadth  { 

J  of  the  spaces  between  them,  it  necessarily  follows  that  the  eye  perceives  a 

J  spoke  at  the  aperture  during  the  intervals  when  no  spoke  is  present  there. 

i       This  circumstance  is  accounted  for  by  considering  the  manner  in  which  vis- 

j  ion  is  effected  by  means  of  the  mechanism  of  the  eye.     The  light  proceeding  J 

J  from  a  visible  object,  entering  the  pupil,  strikes  the  retina  and  pro ' 

)  certain  vibration,  which  vibration  is  the  immediate  cause  of  the  perception  of  J 

i  the  object  from  which  the  light  has  been  transmitted.     After  the  objec 

)  ceased  to  transmit  light  to  the  eye,  this  vibration  continues  for  a  certain  time,  j 

{  just  as  the  vibration  of  a  musical  string  continues  for  a  certain  interval  after  ) 

)  the  bow  which  put  it  into  vibration  has  been  withdrawn  ;  and,  as  the  vibration  } 

J  of  the  string  continued,  after  the  bow  is  withdrawn,  produces  the  perception 

J  a  proportionately  prolonged  sound,  so  the  vibration  of  the  retina,  after  the  v 

J  ble  object  has  been  withdrawn,  produces  a  proportionately  prolonged  perception  J 

}  of  its  presence.     In  fact,  there  is  no  damper  in  the  mechanism  of  the  eye  to  s 

j  stop  the  effect  of  the  action  of  light  at  the  instant  that  action  ceases.     It  is, 

J  therefore,  an  interesting  physiological  problem  to  determinp  how  long  after  that 

J  visible  object  is  withdrawn,  and  the  action  of  li  h  h      T  h 

S  retina  remains,  and  the  object  continues  to  be  se  Th     p    bl  b 

J  fully  solved  by  the  apparatus  above  described.     Th       1       y        h    wh    1  b 

(  ing  gradually  augmented  until  the  spoke  appears  to  b  m    11    p 

J  the  opening,  it  has  been  found  that  this  effect  is  pr  d     d    he     h      k    I  p    f  m 

?  one  complete  revolution  in  a  second  of  time.     Sine      h      p  d  b 

J  of  the  wheel  is  equally  divided  by  the  ten  spok  1  II  I  h 

)  the  interval  between  the  arrival  of  two  successiv     p  k  h      p 

J  tenth  of  a  second,  and  this  must,  therefore,  be  th     d  f   h         p 

S  of  au  object  on  the  retina  after  it  has  been  withl    w        If   h    d  w 

J  less  than  this  the  colored  spoke  would  not  appear  II  b       p 

?  when  the  wheel  revolves  in  one  second,  but  would    i  'y    PP  d  d 

j  appear.     If  it  were  greater,  a  less  velocity  tha  1  p  d 

(  would  be  sufficient  to  cause  its  continuous  appear 

i       Since  there  is  nothing  in  what  has  been  sU 

(  the  aperture,  through  which  the  spokes  are  st 

J  rather  than  any  other  position,  it  follows  that  ii 

J  centre,  that  aperture  be  placed,  a  spoke  will  i 

I  it,  so  long  as  the  wheel  revolves  at  a  rate  of  n 

J  second. 

i       If,  therefore,  there  be  two  or  more  such  apertures  made  in  the  sere 

f  spoke  will  appear  constantly  behind  each  of  them.     In  fine,  if  there  be  a 

J  finite  number  of  such  apertures  round  the  centre,  or,  in  other  words,  if  the  ( 

\  screen  be  altogether  removed,  spokes  will  be  seen  in  every  direction  round  the  > 

J  centre  without  any  open  spaces  between  them,  or  what  is  the  same,  the  wheel  J 

I  will  appear  as  a  circular  disk  of  uniform  red,  no  spokes  being  distinguishable.  > 

(      We  have  here  supposed  that  the  wheel  is  continually  illuminated.     It  is  ne- 

j  ceasary  now  to  inquire  how  long  light  must  shine  upon  it  in  order  that,  revolv- 

j  ing  once  per  second,  it  may  appear  as  a  plane  disk  without  spaces  between  the  ( 

(  spokes.     If  the  light  fall  upon  it  only  for  an  instant,  that  is,  an  infiniieljr  short  i 

j  time,  ihcn  the  wheel  will  be  distinctly  seen,  for  the  tenth  of  a  second,  it 

J  position  which  it  had  when  the  light  fell  upon  it.  The  spokes  will  be  as  dis 
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while  the  spoke  passes  through  the  whole  of  that  space,  it  follows  that  the  ) 

wheel  will  appear  to  the  eye  as  a  flat,  circular  disk  uniformly  illuminated. 

If,  however,  the  light  continue  to  fall  on  the  wheel  during  an  interval  (es; 
than  the  tenth  of  a  second,  suppose,  for  example,  the  twentieth  of  a  second 
then  each  spoke  will   be  illuminated  while  passing  through  half  (he  interval  S 
between  two  successive  spokes,  and  the  wheel  will  present  the  appearance  of  f 
a  circle  divided  into  ten  equal  sectors,  half  of  each  sector  being  visible  and  J 
half  invisible.     If  the  duration  of  the  light  be  any  other  part'  of  the  tenth  of  a 
second,  the  wheel  will,  for  the  same  reason,  present  the  appearance  of  a  circle 
divided  into  ten  equal  sectors,  a  portion  of  each  sector  being  visible,  bearing  I 
to  ihe  remaining  portion,  invisible,  the  same  ratio  as  the   duration  of'  the  J 
light  bears  to  the  difference  between  tliat  duration  and  the  tenth  of  a  second.  ' 

Such  an  instrument  will,  therefore,  serve  as  the  means  of  estimating  the  du-  \ 
ration  of  any  light  which  coniinues  to  illuminate  the  wheel  for  a  period  of  lime  ' 
not  exceeding  the  tenth  of  a  second ;  and  it  is  evident  that,  by  varying  the  } 
number  of  spokes  and  the  velocity  of  the  wheel,  the  duration  of  any  light  may  < 
be  measured  when  its  amount  is  greater  or  less  than  the  tenth  of  a  second. 

Such  is  the  instrument  which  has  been  applied  by  its  inventor  to  meaf 
the  duration  of  a  flash  of  lightning,  and,  also,  of  the  electric  spark.     A  wheel  ) 
consisting  of  a  hundred  spokes,  dividing  the  space  round  the  centre  into  as 
many  equal  sectors,  was  exposed  to  the  light  of  lightning  during  a  thunder- 
storm.    By  clock-work,  it  was  made  to  revolve  ten  times  per  second,  making, 
therefore,  one  revolution  in  the  tenth  of  a  second,  and  moving  through  the  in- 
terval between  two  spokes  in  the  thousandth  part  of  a  second.     If  the  duration  j 
of  the  light  by  which  this  wheel  was  illuminated  amounted  to  the  thousandth  { 
part  of  a  second,  it  would  appear  as  a  complete  illuminated  disk  wiifiout  spokes. 
If  it  amounted  to  half  a  thousandth  of  a  second,  it  would  appear  as  a  circle 
divided  into  a  hundred  equal  sectors,  half  of  each  sector  being  visible  and  half   j 
invisible.     If  the  duration  of  the  light  were  instantaneous,  it  would  appear  ss 
a  wheel  with  a  hundred  spokes  stationary,  in  the  particular  position  it  had  il 
the  moment  the  light  fell  upon  it. 

Now,  such  a  wheel,  being  thus  exposed  to  the  flashes  of  lightning,  in  a  storm, 
it  was  found  that  when  illuminated  it  always  appeared  stationary,  though  revolv- 
ing ten  times  in  a  second.  The  spokes  were  seen  distinctly,  with  no  more 
than  iheir  proper  thickness.  It,  therefore,  follows  that  the  duration  of  the  light  ) 
of  the  flashes  did  not  amount  to  so  great  a  fraction  of  the  thousandth  part  of  a 
second  as  was  capable  of  being  appreciated  by  estimating  the  apparent  width 
of  the  spokes  when  seen  by  the  light  of  the  flashes.  The  duration  of  the 
flashes  must  then  have  been  a  very  small  fraction  of  the  thousandth  part  of  a 
second. 

But  the  duration  of  a  flash  is  the  time  which  the  lightning  lakes  to  move 
through  that  part  of  space  which  il  traverses  while  il  is  visible.     Hence  it  fol- 
lows, that  whatever  be  the  extent  of  such  a  distance,  it  is  traversed  in  a  very  / 
minute  fraction  of  the  thousandth  of  a  second.  i 

This  method  of  observation  has  only  been  applied  to  lightning  of  the  first  { 
and  second  kind,  no  opportunity  having  yet  been  found  to  apply  it  to  ball-light-  j 
ning. 
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When  the  heavens  are  perfectly  serene  in  hot  weathei,  lightnings  are  fre- 
)  quenti}'  observed  to  continue  flashing  in  the  atmosphere  for  many  hours  unac- 
(  cor^ipanied  by  llmnder.  These  have  been  called  heal  lightnings.  Such  appear- 
;s  are  not  confined,  as  has  been  supposed,  to  those  parts  of  the  atmosphere 
I  which  are  near  the  horizon ;  on  the  contrary,  their  light  extends  frequently  over 
}  the  whole  visible  firmament. 

Lightning,  unaccompanied  by  thunder,  appears  much  more  rarely  when  the 
\  heavens  are  clouded.    Sufficient  evidence,  however,  of  this  phenomenon  iu  dif- 
ferent parts  of  the  globe  has  been  collected  by  M.  Arago. 

Thibalt  de  Chaovalon,  in  his  meteorological  observations,  records  its  occur- 
rence on  two  days  in  July,  1751,  at  Martinique.  Such  lightning  is  very  com- 
mon at  the  Antilles.  Doria  mentions  the  same  phenomena  at  Rio  Janeiro,  in 
a  paper  published  in  the  memoirs  of  the  Academy  of  Sciences  of  Lisbon,  in 
the  years  1783,  1784,  1785,  and  1787,  during  which  time  he  witnessed  one 
hundred  and  seventy  days  on  which  lighmings  were  seen  unaccompanied  by 

Lind  witnessed  at  Patna,  in  India,  latituae  N.  35°  37',  in  the  year  1836,  on 
seventy-three  days  lightning  without  thunder  ;  but  neither  Lind  nor  Dorta  state 
whether  the  heavens  were  clear  or  clouded.     The  probability  is,  that  where 

occurrence  of  the  phenomenon  was  so  frequent,  they 
clouded. 

De  Luc,  the  younger,  mentions  a  great  storm  which  took  pli 
the  1st  of  August,  1791,  during  which  very  vivid  lightnings  w 
any  audible  thunder.    Some  of  the  flashes  on  this  occasion  w( 
the  loudest  claps  of  thunder  would  have  been  expected  to  follow  them.    In  the 
lame  slorm,  however,  other  flashes  were  accompanied  by  loud  thunder. 

Dalton  states  that,  in  Kendal,  on  the  15th  of  August,  1791,  at  nine  o'clock  in 
the  evening,  he  witnessed  in  a  storm  vivid  and  continual  flashes  of  liglitning, 
but  heard  only  some  thunder  which  was  distant. 

At  Philadelphia,  in  the  month  of  July,  in  the  year  1841,  and  in  New  York, 
in  the  foUowiog  month,  I  witnessed  frequent  thunder-buTsts  (as  they  are  there 
called),  in  which  in  a  clouded  sky  I  saw  a  constant  succession  of  flashes  of 
■lightning,  which  sometimes  continued  for  several  hours,  accompanied  by  very 
short,  occasional  showers  of  rain.    On  these  occasions  thunder  was  sometimes 

It  heard  at  all,  and  sometimes  it  was  only  heard  after  long  intervals  of  silence, 
and  seemed  from  its  sound  to  be  distant.  The  lightnings,  nevertheless,  were 
vivid,  and  illuminated  the  heavens  to  the  zenith.  They  appeared  generally  like 
I  light  behind  the  clouds,  the  edges  of  which  were  strongly  illuminated,  the 
lentres  more  faintly.  These  lightnings  sometimes  succeeded  each  other  so 
rapidly  that  they  had  &jlutienng  appearance,  like  the  motion  of  the  wings  of  a 
small  bird  ;  and  this  fluttering  of  light  would  be  often  continued  for  three  or 
four  seconds.  These  trembling  lightnings  would  succeed  each  other  at  inter- 
Tals  of  some  minutes. 
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In  the  darkest  nights  of  winter,  at  the  hour  of  midnight,  when  the  influence 
of  the  solar  light  is  altogether  withdrawn  from  the  atmosphere,  and  in  the  ab- 
sence of  moonlight,  a  sufficient  quantity  of  light  is  always  diffused  to  render 
objects  around  us  faintly  visible,  and  to  enable  us  to  walk  without  hesitation  in 
any  open  country.     If  the  firmament  be  serene  and  cloudless,  this  light  is  as- 
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s  heard.  At  five  imivutea  past  eight,  it  being  then  complete  night,  the  storm 
\  having  attained  its  height,  Rozier  observed  a  luminous  point  above  the  brow  of  a 
hill  fronting  his  house,  which  gradually  augmented  in  magnitude  until  it  as- 
sumed the  form  and  appearance  of  a  phosphoric  zone,  subtending  at  his  eye  an 
angle  of  about  sixty  degrees  measured  horizontally,  and  having  the 
height  of  a  few  feet.  Above  this  luminous  zone  was  a  dark  space  equal  ti 
own  breadth,  and  over  that  space  appeared  another  horizontal  zone,  of  the  sacne 
breadth,  and  about  half  the  apparent  length.  The  middle  of  each  of  these  zones 
oxhibited  a.  uniform  brightness,  but  the  edges  were  irregular.  Lightning  is- 
sued three  times  from  the  edges  of  the  inferior  zone,  but  no  thunder  was  audi- 
ble. The  duration  of  this  extraordinary  phenomenon  was  nearly  a  quarter  of) 
an  hour.  ) 

Nicholson  relates  that,  on  the  30th  of  July,  1797,  at  about  five  o'clock  in  the  \ 
morning,  he  observed  the  heavens  covered  with  dense  clouds,  which  i 
rapidly  to  the  west-southwest.  Lightnings  played  constantly  at  northwest  and  j 
southwest,  which,  after  an  interval  of  twelve  seconds,  were  succeeded  by  loud  5 
claps  of  thunder.  The  lower  parts  of  the  clouds,  which  were  undulated  and  \ 
checkered,  exhibited  a  ted  light  which  was  very  vivid.  At  one  moment,  houses 
placed  in  front  of  that  which  he  inhabited  had  the  appearance  which  would  ? 
have  been  produced  by  viewing  them  through  a  deep-blue  glass  ;  at  that  tin 
on  looking  at  the  clouds.they  appeared  to  emit  a  blue  light. 

Beccaria  states  that  the  clouds  over  his  observatory  at  Turin  frequently  d 
fused   in    all   directions   a  strong  reddish   light,  which  was   sometimes 
intense  as  to  enable  him  to  read  a  page  printed  in  ordinary  type.     This  J 
nocturnal  light  was  especially  observed  in  winter,  between  successive  snow- 
showers. 

The  selfsame  luminous  quality  has  been  observed  in  fogs.     The  dry  ft 
1783  was  described  by  M.  Verdueil"  a  physician  of  Lausanne,  as  having  dif-  | 
fused  at  night  a  light  sufficiently  strong  to  render  distant  objects  visible. 
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This  cloud,  which  resulted  from  the  precipitation  of  the  vapor  brought  by  the 
constant  west  winds  from  the  Atlantic,  was  self-luminous  at  night,  not  occa- 
sionally, but  permanently.  Major  Sabine  saw  frequently  issue  from  it  jets  of 
light  resembling  those  of  the  aurora.  He  rejects,  however,  ih.e  supposition  that 
these  jets  were  produced  by  real  auroras  near  the  horizon,  and  which  were 
concealed  from  direct  observation  by  the  mountain.  He  regarded  all  these 
phenomena  of  continued  and  intermitting  light  as  originating  in  some  physical 
properly  of  the  cloud  itself. 


Thunder,  as  every  one  knows,  is  a  certain  noise,  proceeding  apparently  from  J 
the  clouds,  which  usually  follows,  after  a  greater  or  less  interval,  the  appt 
ance  of  a  flasJi  of  lightning.  Of  all  natural  phenomena,  those  which  occupy  ( 
the  meteorologist  present  the  greatest  difficulties,  when  it  is  necessary  to  c 
vey  a  precise  notion  of  them  to  those  who  may  not  immediately  have  witnesi 
them.  It  is,  doubllesa,  to  this  difficulty  that  we  must  ascribe  the  practice  of  I 
meteorological  writers  of  resorting  to  similes  and  other  like  illustrations  in  their  \ 
descriptions. 

Thunder  is  described  by  some  as  a  sound  resembling  the  acute  noise  ] 
duced  when  stiff  paper  is  lorn,  or  when  a  strong  silk  cloth  is  suddenly  torn 
when  a  heavy  wagon  is  rolled  rapidly  over  a  rough,  stony  road.  It  is  imitated  J 
with  much  effect  in  theatres  by  shaking  a  piece  of  sheet-iron  about  four  feet  ( 
long  and  two  feet  broad.  This  is  held  in  rfie  hand  at  one  of  its  corners, 
the  varieties  of  thunder  may  be  imitated  by  skilfully  var3dng  the  movemen 
the  hand. 

Thunder  is  sometimes  heard  as  a  clear,  single,  distinct  sound,  like  the  report  ) 
of  a  gun,  unattended  by  any  reverberation.    More  frequently  the  sound  is  di 
or,  in  a  musical  sense,  grave,  and  consists,  not  of  a  single  sound,  but  of  that  \ 
rapid  succession  of  sounds,  first  increasing  and  afterward  diminishing  in  in 
sity,  which  has  been  expressed  by  the  term  rolling. 

The  difficulty  of  expressing  and  recording  in  words  the  exact  nature  of  such  i 
phenomena  has  limited  to  a  small  number  the  observations  on  which  any  safe  ? 
reasoning  can  be  based.  J 

The  duration  of  the  rolling  of  thunder  was  observed  and  recorded  by  De  j 
L'laie,  in  Paris,  in  the  year  1712.  On  one  occasion  it  was  observed  to  endure  J 
for  forty-five  seconds.  On  other  occasions,  during  the  same  storm  (17ih  June),  ■ 
the  rofi  continued  from  thirty-four  to  forty-one  seconds.  On  the  3d,  8th,  and  J 
28ih  of  July,  the  roll  continued  on  different  occasions  from  thirty-five  to  thirty- 
nine  seconds. 
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De  Ij'IsIe  also  observed  the  varying  intensity  of  the  sound  in  each  roll.     In 
1  some  cases  the  clap  is  loudest  at  the  commencemeni,  and  afterward  declines 
j  gradually  until  it  ceases  to  be  heard.    Sometimes  it  commences  with  a  low  and  J 
j  barely  audible  sound/which  augments  in  force  until  it  attains  a  maximum  loud- 
i  ness,  after  which  it  diminishes  gradually  in  intensity  until  it  becomes  inaudible.  { 
)  These  changes  were  carefully  observed  and  recorded  on  several  occasions  by  J 
"  I  L'Isle.     The  following  examples  will  serve    to  illustrate  the  phenom- 


1712  Seconds. 

ITtli  of  June,         0  Lig]itning  flashed. 

3  Thunder  feebly  audible. 

]2  Thunder  loudest. 

19  Thunder  became  gradually  inaudible. 

21sl  of  July,  0  Lightning  flashed. 

36  Thunder  feebly  heard. 

20  Thunder  loudest. 

32  Thunder  became  gradaiilly  inaudible. 

8th  of  July,  0  Lightning  flashed. 

11  Thunder  feebly  heard. 

12  Thunder  loudest. 

38  Loudest  thunder  began  to  decrease  in  force. 

47  Thunder  became  gradually  inaudible. 

8th  of  July,  0  LightninE  flashed. 

11  Thunder  feebly  henrd. 

12  Thunder  became  loudest. 

38  Thunder  began  to  decrease  in  loudness. 
47  Thunder  became  gradually  inaudible. 

8th  of  Joly,  0  Lightning  flashed. 

10  Thunder  feebly  heard. 

J3  Thunder  became  loud. 

20  Thunder  broke  wiih  redoubled  force. 

35  Thunder  began  to  lose  its  force. 

39  ■  Thunder  became  gradually  inaudible. 

It  appears  from  these  observations  that  the  durations  of  the  toudes 

ied  from  twenty  to  thirty  si 


part  of 


.  On  the  2d  of  March,  1769, 
s  struck  by  lightning,  followed 
iS  as  equal  to  the  simultaneous 


The  degree  of  loudness  is  also  very  vario 
J  the  tower  of  the  church  at  Buckland  Brewer 
j  by  a  clap  of  thunder  described  by  an  ear-wit 
>  report  of  one  hundred  pieces  of  cannon. 

The  most  violent  thunder  sometimes  follows  ball -lightning.  When  the  ship 
j  Montague  was  struck,  on  the  4ih  of  November,  1749,  the  captain  (Chalmers) 
<  declared  that  the  sound  produced  by  the  explosion  was  equal  to  th^simulta- 
j  neous  discharge  of  several  hundred  pieces  of  ordnance,  but' that  it  did  not  last 
I  above  half  a  second. 

The  interval  of  time  which  elapses  between  the  flash  of  lightning  and  the 
[  thunder  which  succeeds  it  is  an  important  element  in  the  theoretical  invesliga- 

n  of  the  atmospheric  conditions  which  produce  these  phenomena.  It  is  es- 
{  pecially  useful  to  ascertain  the  major  and  minor  limits  of  this  intervai.  The 
)  observations  of  this  kind  collected  by  M.  Arago  are  arranged  in  the  following 
5  table  : — 
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Places. 

Time. 

Obsoryat. 

liitervaK. 

Peters  burgh. 

2d  May,  1712 

De  L'lsle. 

42 

48 

48 

6thJune,1712 

47 

48 

— 

_ 

_ 

48 

— 

49 

30th  AprD,  1712 

Tobolsk. 

2tl  July,  1761 

43 

45 

47 

10th  July,  1761 

46 

2 

— 

— 

De  L'lsle. 

3 

4 

— 

— 

— 

5 

M.  Arago  states,  as  the  general  impression  on  his  memory,  that  he  has  often  ( 
j  observed  the  thunder  follciw  the  flash  after  an  interval  so  brief  as  half  a  second    i 

In  ihe  early  part  of  June,  1841,  being  in  the  reading-room  of  the  Athe-  \ 

\eum  at  Philadelphia,  I  witnessed  a  vivid  flash  of  lightning  which  was 

!  ceeded  by  the  loudest  clap  of  thunder  I  ever  recollect  to  haie  heard       1] 

?  terval  was,  by  my  estimation,  a  very  small  fraction  of  a  second      An  ordmary  i 

J  observer  would  have  said  that  the  lla^h  and  the  sound  were  stmuitaneous  ( 

The  occurrence  of  thunder  not  preceded  by  lightning  has  not  been  proved  ) 
1  by  evidence  as  clear  and  satisfactory  as  that  by  which  the  existence  oi  silent  j 
:  lightnings  have  been  estabhshed.    No  example  is  found  of  it  in  any  of  then: 
J  teorological  registers  kept  at  observatories  in  Europe.    Tkibauli  de  Ckanvalvn, 
<  already  quoted,  mentions  in  the  register  of  his  observations  made  at  Murtinique 
J  that  in  October,  1751,  there  were  two  days  on  which  thunder  was  heard  wi(h 

the  appearance  of  lightning ;  and  thai  on  one  day  in  November  there  w 
j  three  loud  claps  of  thunder  without  lightning. 

On  the  19th  of  March,  the  vessel  in  which  jBruce  the  traveiler  had  embarked  J 
m  the  Red  sea,  near  Cosseir  encountered  a  clap  of  thunder  so  violent  a; 
j   strike  the  seamen  with  tenor.     There  was  no  lightning. 

The  occurrence  of  thunder  when  the  firmament  is  cloudless  has  been  doubted. 
Sekbbibr  speaks  of  thunder  on  clear  days  as  a  known  fact,  but  does  not  stat 
whether  such  was  the  result  of  his  own  observations.  Volnev  states,  that  o 
j  tha  12th  of  July,  1788,  at  six  o'clock  in  the  morning,  the  sky  being  unclouded,  ', 
S  he  heMd  at  Pont  Charlrain,  a  place  four  leagues  from  Versailles,  four  or  five  ( 
j  claps  of  thunder.  At  a  quarter  past  seven  clouds  began  to  rise  in  the  south- 
}  west,  and  in  some  minutes  the  heavens  were  covered.  Soon  afterward  hail- 
{  stones  fell  as.large  as  a  man's  fist. 

The  noise  which  often  attends  earthquakes  is  similar  to  thunder,  and  by  a. 
icoustic  deception  not  yet  clearly  explained,  it  is  heard  as  if  it  proceeded  from  S 
J  the  upper  regions  of  the  atr.     Observations,  therefore,  of  supposed  thunder 
(  with  a  clear  sky,  in  places  subject  to  earthquakes,  cannot  safely  be  received  a 
>  evidence  of  real  thunder. 


J  EXPLAIN   THE   PHENOMENA  OF  THUNDEK  AND  LIOHTNtNO. 

Although  the  investigations  of  Franklin  removed  all  doubts  respecting  the  s 

J  identity  of  lightning  and  artificial  electricity,  still,  in  the  great  variety  of  atmo-  J 

spheric  phenomena  developed  in  the  disturbances  of  electrical  equilibrium  which  J 

are  produced  on  so  grand  a  scale  in  the  vast  regions  of  the  air,  much  n 
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spenc  air,  there  are  various  foreign  subitincea  occasionally  suspended  in  it,  of 
which  the  chief  but  not  the  oplj  one  is  the  ^apor  of  water.  Carbonic  acid  ex- 
ists in  it  m  lariable  quanlitv  but  it  is  nowhere  totally  absent.  Smisshhe 
(  found  It  m  air  collected  at  the  top  of  Mont  Blanc.  Fusjnieri  slates  that  he 
nsiantly  toiind  sulphur,  iron,  and  ita  different  oxides,  in  fissures  through 

>  which  lightning  has  forced  ics  way 
'.i  such  analogies  be  considered  to  have  any  weight,  it  is  not  impossible  to 

J  imagine  the  constituents  of  solids  to  be  suspended  in  the  atmosphere  in  a 

(  vaporous  sublimated  state,  and  to  coalesce  and  enter  into  combination  by  the 

anamission  through  them  by  a  strong  discharge  of  electricity.     But  as  a  mat- 

r  of  fact  is  it  pTOved  that  ponderable  masses  in  a  state  of  ignition  have  actu- 

1  ally  fallen  from  the  clouds  1    The  foUowing  evidence  is  produced  by  M.  Arago 

m  this  question ; — 

Boyle  stales  that  in  July,  16S1,  the  British  ship  Albemarle  was  struck  with 

j  lightning  off  Cape  Cod.     A  mass  of  burning  bituminous  matter  fell  in  the  boat 

S  suspended  at  the  stern  of  the  vessel,  which  diffused  an  otior  like  that  of  gun- 

i  powder.     It  was  consumed  in  the  place  where  it  fell,  after  ine'ffectual  ef- 

)  forts  to  extinguish  it  by  water,  or  to  throw  it  out  of  the  boat  with  rods  of 

Silent  lightnings,  whether  they  appear  in  a  clear  or  clouded  sky,  are  usually 

ixplained  by  the  supposition  thai  they  are  the  reflection  of  lightnings  which 

ssue  from  clouds  below  the  horizon,  and  bo  distant  that  the  thunder  which 

J  accompanies  them  cannot  be  heard.     It  has  been,  on  the  other  hand,  objected, 

)  that  the  splendor  of  lightning  is  not  sufficiently  intense  to  cause  a  reflection  so 

(  bright  as  the  silent  lightnings,  and  that  a  reflectfon  inferior  in  brightness  to  light- 

>  ning  itself  in  the  same  proportion  as  twilight  is  to  the  brightnes-J  of  the  sun 
J  would  QOt  be  visible.     To  this  objection  M  Arigo  replies  by  the  followirg 

'assini  and  Lacaille,  when  engaged  m  making  a  series  of  e\penraents  on 
J  the  Velocity  of  sound,  in  the  year  1739  stw  the  light  produced  by  the  dis 
J  charge  of  a  piece  of  ordnance  placed  at  the  base  of  the  lighthouse  of  Ceite 
J  although  at  the  station  they  occupied  both  the  town  and  the  lighthouse  were 
J  concealed  by  intervening  hills, 

J  In  1803  M.  Zach  gave  signals  on  the  Bracken  (a  mountain  of  tie  Hati. 
J  range),  by  exploding  six  or  seven  ounces  of  gunpowder  The  lij,hl  produced 
i  by  this  was  seen  by  observers  stationed  on  Mount  KeUenherg,  at  a  distance  ol 
)  nearly  three  leagues  from  the  Bracken.  Since  a  direct  view  would  have  been 
{  rendered  impossible  by  the  convexity  of  the  earth,  the  light  must  have  been  seen 
S  by  reflection. 

The  flashes  of  artillery  discharged  at  the  base  of  the  Hotel  des  InvaUdes,  at 
i  Paris,  are  visible  in  the  gardens  of  the  Luxembourg,  neat  the  Rue  d'Enfer, 
\  although  the  highest  point  of  the  dome  of  the  hotel  is  invisible  from  that  place.  ' 
If,  then,  the  feeble  effect  produced  by  the  explosion  of  a  few  ounces  of  gun-  ! 
1  powder  be  sufficient  to  be  so  apparent  by  reflection,  may  it  not  be  expected 
the  more  re'^plendent  illumination  produced  by  lightning 'would  be  infi- 
J  nitely  more  vivid' 

That  this  mode  of  evplaining  silent  lighlning  may  not  take  the  character  of 
nere  conjecture,  it  will  be  necessarj'  to  show  that  distant  lightnings  are  actually 
'isible  when  the  thunder  which  accompanies  thera  is  inaudible.     Two  unex- 
!  ceplionable  observations  are  adduced  for  this  purpose. 

On  the  night  between  the  lOth  and  11th  of  July,  1783,  the  weather  being 

:alm  and  ihe  sky  unclouded,  Saussure,  stationed  at  theHospice  of  the  Grimsel, 

)  looking  in  the  direction  of  Geneva,  saw  on  the  horizon  some  streaks  of  clouds 

<  from  which  lightning  issued,  but  no  thunder  was  heard.     It  was  afterward  as- 
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certained  that  at  the  momenl  this  occurred  a  storm  broke  over  Geneva  the  ra 
terrific  that  the  people  of  that  country  ever  witnessed. 

On  the  21st  of  July,  1813,  Mr.  Luke  Howard,  observed  at  ToUenAum,Tf 
I    London,  in  a  clear  sky,  lightning,  such  as  is  called  heat-lightning,  appear  to 
ard  the  southeast.     It  was  afterward  ascertained  that  a  violent  storm  at  that  { 
moment  raged  in  France,  which  extended  (mm  Calais  to  Dunkirk.     This  light-  ^ 
ning,  above  fifty  leagues  distant,  was  visible  in  the  atmosphere  of  London. 

It  must  then  be  mimilted  as  proved,  that  silent  lightnings  may  be  and  some- 
times are  produced  by  the  reflection  in  the  atmosphere  of  lightning  of  which  the 
thunder  is  too  distant  to  he  heard.     But  it  does  not  therefore  follow  that  such  i 
appearances  must  be  and  always  are  produced  by  that  cause.     On  the  contrary,  { 
heat-lightnings  frequently  present  appearances,  to  explain  which  it  would  be  { 
almost  impossible  to  admit  the  hypothesis  of  distant  storms.     Thus  it  frequently  ( 
happens  that  when  the  whole  visible  firmament  is  unclouded,  these  lightnings  J 
will  play  for  entire  nights  on  every  side  of  the  horizon,  and  will  extend  even  to 
the  zenith.     If  distant  storms  were  admitted  to  explain  such  phenomena,  it 
would  be  necessary  to  suppose  that  portion  of  the  atmosphere  visible  from  a 
single  place  clear  and  serene,  yet  surrounded  on  every  side  by  a  ring  of  clouds, 
throughout  which  storms  rage.     The  improbability  of  such  an  hypothesis  is 
apparent. 

M.  Arago  proposed  for  the  decision  of  this  question,  the  same  expedient  ( 
which  he  suggested  a  few  years  ago,  in  his  essay  on  comets,  to  determine 
whether  their  tails  were  self-luminous,  or  derived  their  light  from  the  sun. 
There  are  certain  crystals  endowed  with  optical  properties,  in  virtue  of  which, 
objects  viewed  through  them  are  seen  under  dillerent  appearances  according  : 
as  those  objects  are  self-luminous  or  illuminated  by  light  derived  from  other  ) 
objects.     He  proposes  that  the  silent  lightnings  shall  be  observed  through  such  X 
crystals,  and  the  question  whether  they  be  actual  lightnings,  unattended  by  J 
thunder,  or  only  reflections  of  distant  lightnings,  be  thus  decided. 

Thunder  unaccompanied  by  lightning,  is  explained  by  M.  Arago,  by  sup- 
posing two  strata  of  clouds  at  different  heights,  of  which  the  superior  stratum  < 
is  the  seat  of  the  thunder-storm,  and  of  which  the  iftferior  stratum  is  sufficiently  ) 
■dense  to  be  impervious  to  the  light  which  precedes  the  thuudei  Nei  ertheless,  ■ 
the  density  of  the  inferior  cloud  will  not  at  all  impede  the  trtnsmission  ol  sound  \ 
through  it,  and  the  thunder  will  consequently  be  heard  while  the  hghtning  is 
invisible. 

The  method  of  computing  the  distance  of  stormy  clouds  bv  obsenmg  the 
interval  which  elapses  between  the  flash  and  the  thunder,  is  baaed  upon  the  S 
assumption  that  the  sound  is  produced  in  the  clovd  It  has  been  however  m 
tained  by  some  persons,  that  when  the  electric  discharge  takes  place  between  \ 
a  cloud  and  the  earth,  the  lightning  issues  from  the  earth  to  the  cloud.  Ac- 
cording to  the  hypothesis  of  a  single  electric  fluid,  this  would  always  be  the  S 
case  when  the  cloud  is  negatively  electrified.  As  a  test  of  this,  M.  Arago  pro-  J 
poses  to  observe'the  interval  between  the  appearance  of  the  lightning  and  the  \ 
perception  of  the  thunder  under  circumstances  in  which  the  distance  of  the  J 
cloud  is  known  hy  other  means  within  a  given  limit.  If  the  distance  obtained  > 
by  computation  from  obsen-ing  the  interval  between  the  light  and  the  sound  be  \ 
manifestly  less  than  the  known  minor  limit  of  the  distance  of  the  cloud,  it  must  } 
then  follow  that  the  seat  of  the  sound  is  not  the  cloud,  but  is  some  place  in 
atmosphere  less  distant,  which  would  necessarily  be  the  case  if  the  lightning  ? 
issued  upward  from  the  earth.  This  method  of  obsaivation  might  be  practised  ( 
in  the  neighborhood  of  any  lofty  tower  or  steeple,  or  near  a  hill,  ot  by  meB 
of  a  small  balloon  confined  by  a  cord  to  a  given  height.  If  the  cloud  wore  < 
served  to  be  considerably  above  any  such  objects  and  yet  the  computed  dislaii 
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of  the  seat  of  the  sound  considerably  hdow  them,  the  conclusion  just  stated  J 
would  be  justified.  I 

From  the  observations  which  have  been  recorded  of  the  lime  between  the  S 
flash  and  the  thunder,  it  appears  that  although  in  one  instance  this  interval  J 
amounted  to  serenty-two  seconds,  it  usually  does  not  exceed  forty-eight  sei 
onda.     It  follows,  then,  that  the  greatest  distance  from  which  the  aimoipher 
explosions  which  produce  thunder  are  heard  at  about  Un  miles      If  the  hing; 
recorded  observation  of  an  interval  ol  seventy-two  seconds  can  be  relied  o 
it  would'  follow  that  in  that  particular  case  thunder  was  heard  at  the  distance  j 
ol  fifteen  miles. 

Evidence  still  more  direct  and  convincmg  can  be  adduced  that  beyond  the 
distance  of  eight  or  ten  miles  thunder  is  inaudible. 

When  the  steeple  of  Lestwithiel  in  Cornwall  was  struck  by  lightning,  on  the 
35th  of  January,  1757,  and  almost  entirely  destroyed,  the  thunder  was  terrific  ; 
yet  Smeaton  the  engineer,  who  was  then  within  thirty  miles  of  the  place, 
heard  no  thunder.     Muschenbroeck  slates  that  thunder  at  the  Hague  is  inaudi-  ) 
ble  at  Leyden  and  at  Rotterdam,  the  distance  of  the  former  being  ten  and  the  J 
latter  twelve  miles.     There  are  also  examples  of  violent  storms  breaking  over  ) 
Amsterdam  which  were  inaudible  at  Leyden,  the  distance  being  about  twenty  J 

To  deduce  right  conclusions  from  these  facts  it  will  be  necessary  to  t 
sider  the  distances  at  which  other  sounds,  generally  much  less  intense  than  ( 
thunder,  are  heard.     Cannon  discharged  at  Florence  are  heard  at  Leghor 
a  distance  of  fifty  miles ;  at  Leghorn,  are  heard  at  Porto  Ferraio,  the  san 
distance.     The  cannonade  at  the  siege,  was  audible  at  Leghorn,  a  distance  < 
about  ninety  miles.     It  may  be  added  that  the  great  bell  of  St.  Paul's   cathe-  i 
dral  in  London,  is  said  to  be  audible  at  Windsor,  a  distance  of  about  twenty-  [ 
four  miles.  i 

The  conditions  of  the  atmosphere,  which  affect  the  transmission  of  sound,  ' 
are  imperfectly  understood,  and  it  is  therefore  the  more  necessary  to  accumulate  j 
well-ascertained  facts,  lo  form  a  safe  basis  for  general  reasoning.  It  is  generally  f 
believed  that  sounds  are  heard  more  distinctly  and  at  greater  distances  in  win-  { 
ter,  especially  in  frost,  than  in  summer.  This  popular  impression  has  been  1 
corroborated  in  the  narrative  of  those  who  have  made  voyages  to  the  polar  re-  { 
gions.  Parry  states  that  he  frequently  heard  distinctly  at  the  distance  of  a  ) 
mile,  men  conversing  in  their  ordinary  voice.  On  the  11th  of  February,  1820,  i 
he  heard  a  man  singing  to  himself  (and  therefore  probably  v  ther  a  ' 
tone),  at  more  than  a  mile  distant, 

Durham  observes  that  new-fallen  snow  impedes  the  transmission  of  sound,  | 
and  that  fogs  also  deaden  its  force.  This  latter  effect,  however,  is  not  inva- 
riable. In  a  November  fog,  in  1812,  Mr.  Howard  heard  distinctly  at  five  miles 
from  London,  the  noise  of  the  carriages  rolling  over  the  streets. 

Humboldt  has  proved  that  sounds  are  audible  at  greater  distances  by  night  J 
than  by  day ;  and  from  the  circumstances  under  which  his  observations  w 
made,  it  would  appear  that  the  silence  of  night  could  not  be  assumed  as  an 
planation  of  this. 

It  seems  to  be  established  that  an  adverse  wind  is  an  impediment  to  the  } 
transmission  of  sound  ;  but  according  to  the  observations  of  M.  F.  Delaroche,  ' 
a  favorable  wind  does  not  assist  it. 

Volney,  at  Pontchartrain,  heard  four  or  five  claps  of  thunder.  Looking  ci 
fully  round  Mm,  he  could  see  ao  clouds  either  in  the  heavens  or  near  the  ea 
Now  since  thunder  has  never  been  heard  at  a  greater  distance  than  fifteen  J 
miles,  and  since  an  object  to  be  invisible  at  that  distance  with  a  welL-defined  5 
horizon  must  have  an  elevation  Jess  than  about  one  hundred  feet,  it  follows  { 
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either  that  the  thunder  heard  by  Volney  on  that  occasion  was  produced  i 

clear  atmosphere,  or  that  it  proceeded  from  a  cloud  not  more  than  thiny-three  i 

yards  from  the  ground,  at  a  distance  of  about  fifteen  miles  from  the  observer.      j 

It  has  been  elsewhere  stated  that  the  explanation  proposed  and  universally  j 
received  as  accounting  for  ibe  phenomena,  is  a  sudden  displacement  of  the  a' 
produced  by  the  electrical  discharges,  in  which  lightning  ia  evolved.  Since  I 
all  sound  must  proceed  from  an  agitation  of  the  air,  and  since  lightning  and  J 
electricity  are  identified,  this  explanation  consists  of  little  more  ihan  a  state-  \ 
ment  of  the  facts.  A  more  rigorous  account,  however,  must  be  exacted  from  J 
those  who  would  propound  an  adequate  theory  of  thunder.  i 

Some  have  explained  the  origin  of  thunder,  by  supposing  that  the  electric  J 
fluid,  in  passing  with  great  velocity  through  the  air,  leaves  behind  it  a  vacuum  ; 
that  the  air  rushing  suddenly  into  this  vacuum  produces  a  detonation  like  that 
which  takes  place  in  the  common  experiment  in  which  a  vacuum  being  pro-  i 
duced  under  a  bladder  extended  tightly  over  the  mouth  of  a  receiver,  the  blad-  i 
der  is  broken  by  the  pressure  of  the  external  air.     To  make  this  explanation  J 
valid,  it  would  be  necessary  to  show  kow  the  vacuum  is  produced,  or  that  it  is 
in  fad,  produced,  otherwise  the  explanation  is  reduced  to  a  mere  conjecture. 

It  is  also  explained  by  supposing  that  the  electric  fluid  in  passing  through  ( 
the  air,  compresses  successively  the  air  lying  before  it,  whence  there  results  J 
a  displacement  of  those  masses  of  air  which  are  contiguous,  and  consequently  ) 
a  series  of  contractions  and  dilatations,  which,  extending  to  a  distance,  produce 
long-continued  reverberations. 

M.  Pouillet  rejects  these   hypotheses  as  insufficient  lo  explain  the  phe- 
nomenon.    He  considers  that  if  such  were  the  cause  of  thunder,  the  passage 
of  a  cannon-ball  through  the  air  ought  to  produce  a  like  elTect.     M.  Pouillet  j 
maintains  that  when  an  electric  discharge  takes  place  between  two  bodies  j 
charged  with  opposite  electricities,  the  fluid  does  not  actually  pass  from  the  one 
body  to  the  other,  but  that  the  effect  is  produced  by  a  series  of  decompositions 
and  recom  posit  ions  of  the  natural  electricities  of  the  molecules  of  the  inter- 
vening medium,  precisely  similar  to  that  which  takes  place  in  a  liquid  solution  ) 
in  which  the  poles  of  the  Voltaic  arrangement  are  immersed.     He  argues  that  J 
there  must  thence  result  vibrations  more  or  less  violent  in  the  ponderable  mat- 
ter of  that  medium,  which  would  be  sufficient  to  explain  the  sound. 

The  rolling  of  thunder  has  by  some  been  ascribed  to  the  effect  of  echo.     That  \ 
echo  has  in  wme  cases  a  share  in  the  production  of  the  phenomena  cannot  be 
doubted  b'        -one  who  has  ever  witnessed  an  Alpine  storm.     A  multitude  of   i 
causes  a'  ^  tte  loudness,  the  reverberation,  and  the  continuity  of  the  peals,  } 

are  quite  apparent.     The  question  is  whether  echo  is  the  only  cause  of  the 
folhng  thunder. 

I  h     been  shown  that  the  duration  of  the  thunder-roll  amounts  sometimes 
fi  e  seconds.     Whether  the  echoes  of  any  sound  ever  have  such  dura- 
only  be  determined  by  observation.     The  example  of  the  ofien-re-  \ 
d  ^ho  at  a  certain  island  on  the  lake  of  Killamey,  is  know 
I  M     Scoresby  observed  on  a  particular  occasion  its  duration.,  and  found  ( 

hirty  seconds.     The  original  sound  is  usually  produced  by  the  dis-  ) 
h    g      fa  small  piece  of  cannon.  j 

n  of  Mr.  Scotesby's  observations,  a  pistol  S 
o,  that  if  a  cannon  had  been  used,  the  du-  ) 
ter,  and  probably  equal  to  the  continuance  j 
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Mariners  state  tbat  thunder  heard  at  sea  is  marked  by  rolling  as  long  coi 
tinned  as  on  land,  although  none  of  those  causes  which  are  generally  suppose 
to  produce  echoes,  such  as  walls,  rocks,  wood,  hills,  or  mountains,  are  present.  ' 
Unless  the  surface  of  the  clouds  reflects  sounds,  no  means  of  producing  an  echo  ) 
can  exist  under  such  circumstances.     Although  it  might  seem  that  the  clouds  J 
would  be  as  little  capable  of  reflecting  sound  aa  the  air  itself,  there  appears  t< 
be  some  reason  to  judge  otherwise.     Muschenbriieck  states,  as  the  result  of  J 
his  own  observations,  that  a  cannon,  which,  being  discharged  when  the  heavei 
are  unclouded,  produced  only  a  single  report,  had  its  sounds  several  times  ri 
verberated  when  discharged  in  the  same  place  under  a  clouded  sky.     In  the  c 
course  of  the  experimenta  made  in  1833,  to  determine  the  velocity  of  sound  al-  J 
ready  referred  to,  ilie  same  observation  was  made. 

In  the  posthumous  works  of  Hooka,  published  in  1706,  an  explanation  v 
proposed  for  the  rolling  of  thunder,  which  was  more  recently  reproduced  with  J 
more  full  developments  by  Dr.  Robinson  in  the  Encyclopedia  Britannica,  and  S 
which  seems  more  adequate,  and  open  to  fewer  objections,  than  any  other  hy- 
pothesis yet  suggested.     The  sound  is  supposed  to  be  developed  by  the  light- 
ning in  passing  throuirh  the  air  and  consequently  separate  sounds  are  pro- 
duced at  every  p        tl       gh  wh    h  h    1  gh       g  p  A     h      bj         f  h 
hypothesis  is  to      pi   nh       J/                     si       t         dd  h  d 
itself,  it  is  imm        alwhhnn       fpd       g 
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The  clouds  may  be  considered  as  placed  in  the  surface  of  a  sphere,  in  the  cen- 
tre of  which  the  observer  stands.  If  the  electric  discharge  takes  place  between 
the  clouds,  the  thunder  would  be  heard  by  the  observer  as  a  single  clap,  with- 
out any  roll  or  reverberation. 

Let  us  next  suppose  the  lightning  to  move  in  any  line  which  is  not  part  of  a 
circle  or  sphere,  with  the  observer  in  the  centre ;  let  its  course  be  a  straight  J 
line,  for  example,  such  as  A  B,  the  observer  being  a  "      " 

Fig.  3. 


From  0,  s 


perpendicular,  0  L',  drawn  to  A  B,  and  let  two  lines,  O  L',  the  length  of  j 
which  shall  exceed  0  L^by  one  hundred  and  ten  feet,  be  inflected  from  O  o 
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j  A  B,  one  on   each   side  of  0  L'  ;    let  other  two  lines,  0  L^,  exceeding  O  L*  J 
}  by  one  hundred  and  ten  feet,  be  also  inflected  on  A  B,  and  in  the  same  mar 
let  a  series  of  lines,  such,  as  0  L^,  0  L^,  0  L*,  be  successively  inflected  on  A  ■ 
B,  each  line  exceeding  that  which  precedes  it  by  one  hundred  and  ten  feet.    If 
we  suppose  sounds  to  .he  simultaneously  produced  at  the  points  L',  L^,  L', 
that  which  is  produced  at  L'  will  be  first  heard  by  the  observer.    Since  sound  ) 
moves  at  the  rate  of  eleven  hundred  feet  per  second,  it  will  take  the  tenth  of  a 
;  second  to  move  through  one  hundred  and  ten  feet ;  therefore  the  two  sounds 

tied  at  L^  will  arrive  together  at  the  ear  of  the  observer  a  tenth  of  a  second  J 
S  after  the  sound  at  L'  has  been  heard.     In  the  same  manner,  tlie  two  sounds 
(  emitted  at  L^  will  arrive  after  another  tenth  of  a  second,  and  so  on.     Thus  ev- 
>  ery  ten  sounds  of  the  series,  though  simultaneously  produced,  would  take  a 

Olid  in  being  heard,  and  would  be  recognised  by  the  ear  as  a  distinct,  though  f 
)  rapid  succession  of  l«n  sounds. 
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the  place  of  the  observer,  O,  as  a  common  centre,  let  a  series  of  circular  arcs 
be  drawn  with  radii  increasing  in  magnitude  each  successive  distance  exceed- 
ing the  last  by  one  hundred  and  ten  feet.    These  arcs  will  intersect  the  zigzag  ) 
course  of  the  lightning  in  several  points  more  or  less  in  number,  according  to  J 
the  position  of  the  directions  of  the  lightning,  and  the  magnitude  of  the  radius  J 
of  the  circle.      The  first  sound  which  will  reach  the  observer  will  be  that  pro-  < 
duced  at  the  points  where  the  least  of  the  circles  meets  the  lightning,  and  the  J 
succeeding  sounds  will  correspond  to  those  emitted  at  the  point  of  intersect" 
of  the  succeeding  circles  with  the  course  of  the  lightning.     It  is  easy  to  c 
ceive,  that  the  mutual  position  of  the  zigzag  lightning  and  the  observer  may  be  i 
such  that  the  number  of  points  of  intersection  of  the  circles  wilh  the  lightning  ) 
may  alternately  augment  and  diminish  in  a  manner  corresponding  to  any  sup- 
posable  variations  in  the  intensity  of  the  rolling  of  the  thunder. 

It  is  evident  that,  independently  of  the  infinite  varieties  of  sound  capable  of  j 
being  explained  by  this  hypothesis  applied  to  zigzag  lightnings,  the  changes  > 
are  not  less  various  for  lightning  which  preserves  a  single  course,  the  sa 
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fiash,  according  to  its  direction  with  respect  to  the  observer,  being  suscepiibl 
of  an  infinite  variety  of  sonorous  effects. 

An  objection  to  this  fascinating  hypothesis  occurs  to  me,  which  appears  t 
have  escaped  the  attention  of  its  advocates,  and  which,  nevertheless,  is  entitled  j 
to  consideration.     I  have  supposed,  for  the  salte  of  illustraiion,  in  ihe  prece-  J 
ding  developments  that  a  succession  of  distinct  sounds  ate  emitted  at  points  of  , 
a  space  the  difference  of  whose  distance  from  the  observer  is  one  hundred  and  J 
ten  feet,  and  therefore  these  sounds  succeed  each  oilier  at  intervals  of  a  tenth  J 
of  a  second.     Any  other  difference  of  distance  would  equally  serve  the  purpo-  ' 
aes  of  illustration,  the  interval  between  the  successive  detonations  being  deter-  . 
mined  by  it  according  to  the  known  velocity  of  sound.     But  it  does  not  appear  j 
to  me  that  there  is  anything  in  the  physical  effects  to  warrant  the      pp 
of  a  series  of  separate  sounds  emitted  at  points  of  space  more  or  1       d 
from  each  other.     The  electric  fluid  rushes  through  space,  producing  h 
effect  at  every  point.     The  analogy  on  which  Dr.  Robinson  bases    h         pi 
nation  (to  a  file  of  soldiers,  placed  at  certain  distances  asunder,  who  d     h    g 
their  muskets  at  the  same  instant,  but  are,  nevertheless,  heard  in  s  n) 

does  not  seem  to  be  in  accordance  with  the  phenomena.     The  passage  of  the  ( 
electric  fluid  through  the  air  would  be  more  aptly  illustrated  by  a  bow  drawn  J 
over  the  string  of  a  violin,  or  the  current  of  air  driven  by  the  mouth  through  a 
wind  instrument,  or  by  a  bellows  through  an  organ-pipe.     There  would,  ac- 
cording to  such  analogy,  be  one  sustained  sound,  instead  of  a  succession  or  se- 
ries of  distinct  sounds.    It  is  true  that,  in  the  gravest  note  oa  an  organ,  and  even 
in  those  produced  on  certain  wind  instruments  (the  trombone,  for  example),  and 
on  the  strings  on  the  double  base,  the  vibrations  are  distinguishable  ;  but  these  J 
vibrations  do  not  seem  to  have  any  analogy  to  the  series  of  sounds  which  form  j 
the  rolling  of  thunder.  1 

If  this  hypothesis,  nevertheless,  be  admitted  to  explain  the  rolling  of  thunder,  J 
the  duration  of  the  rolling  will  become  an  important  element  in  determining  the  i 
minor  limit  of  the  space  through  which  the  lightning  passes.     Supposing  that  J 
no  line  drawn  from  the  observer  to  the  course  of  the  ligMning  is  perpendicular  { 
lo  it,  it  will  follow  that  one  extremity  of  the  course  is  nearer  than  any  other  ( 
point  of  it  to  the  observer,  and  the  other  extremity  more  remote.     The  differ- 
ence between  the  distance  of  these  extreme  points  would  be  the  length  of  the  ( 
flash,  if  its  direction  was  immediately  toward  or  from  the  observer;  and  if  h 
have  any  other  direction,  this  difference  will  be  less  than  the  length  of  the 
flash.    The  duration  of  the  roll  of  the  thunder  being  the  time  sound  would  talie 
to  move  over  the  difTerence  between  the  greatest  and  the  least  distance,  this 
difference  may  be  computed,  and  thence  a  minor  limit  of  the  length  of  the  flash  > 
may  be  obtained. 

From  the  observations  of  De  L'lslo,  it  appears  that  the  roiling  of  thunder,  \ 
observed  by  him  in  1712,  lasted  in  some  instances  forty-five  seconds.  Allow- 
ing eleven  hundred  feel  for  each  second,  this  would  amount  lo  forty-nine  thou- 
sand five  hundred  feet,  or  very  near  ten  miles.  The  length  of  the  flash  must, 
therefore,  have  exceeded  this  distance. 

I  have,  in  these  explanations,  assumed  that  the  loudest  sound  is  that  which  j 
procee'ds  from  the  nearest  focus  of  sound  to  the  observer.  The  loudness  of  a  S 
sound,  however,  depends  partly  on  the  temperature  and  hygrometric  condition  i 
of  the  air  at  the  place  where  the  sound  is  developed.  It  might  happen  that  > 
these  conditions,  varying  in  different  parts  of  the  air  where  the  sounds  are  ( 
produced,  would  render  more  remote  sounds  sometimes  louder  than  nearer  ) 

One  of  the  circumstances  in  the  natural  exhibition  of  lightning,  which  seems  j 
I  not  so  satisfactorily  explicable  as  most  of  the  others,  is  the  frequent  repetition  ( 
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J  of  the  flashes  from  the  same  cloud,  which  often  follow  each  other  in  rapid  hi 
ssion,  contrary  to  what  takes  place  in  metallic  conductors  in  which  the  elec- 
c  eqiiilibriijm  is  restored  in  a  single  discharge,  or  nearly  so.     The  most  c 
ma  way  of  explaining  this  is  by  supposing  that  the  vapor  composing  thund 
?  clouds  being  a  much  less  perfect  conductor  than  metal,  and  the  cloud  bei 
J  often  of  extensive  magnitude,  possibly  measuring  miles  in  length  or  breadth,  ', 
?  the  equilibrium  cannot  be  restored,  except  by  successive  discharges,  accord- 
ing as  the  fluid  dispersed  over  or  through  the  cloud  can  collect  at  or  near 
striking  point. 
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THE  LATITUDES  AND  LONGITUDES. 


Before  it  is  possible  to  acquire  a  distinct  knowledge  of  the  position  or  dis- 
tances of  any  bodies  in  the  universe  outside  the  surface  of  the  earth,  it  is  first 
indispensable  that  we,  who  have  to  make  these  calculations,  should  distinctly 
ascertain  our  own  position  in  reference  to  the  bodies  we  observe.  But  as  our 
position  is  subject  to  continual  change,  as  well  by  reason  of  the  diurnal  rota- 
tion of  the  earth  upon  its  axis,  on  the  surface  of  which  we  are  carried  round, 
as  the  annual  motion  of  the  globe  in  its  orbit  round  the  sun,  we  are  obliged  as 
a  necessary  preliminary  to  analyze  with  accuracy  all  the  circumstances  of 
these  motions.  But  even  before  we  are  in  a  condition  to  accomplish  this, 
there  is  another  preliminary  step  not  less  indispensable,  which  is'  to  ascertain 
our  own  position  on  the  surface  of  the  globe  we  inhabit. 

This  is  not  so  easy  a  matter  as  al  the  first  view  it  might  seem  to  be.  The 
earth  we  dwell  on  ia  a  globe  of  stupendous  magnitude.  The  range  of  our 
vision  around  any  situation  which  we  may  occupy  upon  the  surface  of  this 
globe  is  small.  In  the  most  unobstructed  situation  we  can  obtain — that  which 
is  presented  us  at  sea,  when  out  of  sight  of  land,  on  the  clearest  day — our  ob- 
servation is  circumscribed  by  a  radius  of  a  few  miles.  The  portion  of  the 
surface  which  we  see  at  one  and  the  same  lime,  forms  in  reality  so  small  a 
patch  of  the  globe  of  the  earth,  that  it  is  only  by  indirect  reasoning  that  we  can 
recognise  upon  it  any  character  save  that  of  a  ilat  plane.  How,  then,  are  wo 
to  know  in  what  part  of  the  terrestrial  globe  that  small  patch  of  surface  is 
situated  ? 

To  answer  this  question,  it  is  evidently  necessary  first  to  settle  some  fixed 
points  or  lines  to  which  we  may  refer  various  places,  and  by  which  we  may 
express  their  positions.  The  points  which  have  been  usually  selected  for  this 
purpose  are  the  poles  and  the  equator.  The  poles  are  those  point) 
face  of  the  earth  where  the  axis  on  which  it  performs  its  diurnal 

and  they  are  distinguished  as  is  well  known  by  the  names  of  the  aoTlh 
id  south  poles. 
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If  we  imagine  a,  circle  surrounding  the  surface  of  the  globe  in  such  a  man- 
ner as  to  (livide  it  into  two  hemispheres,  having  in  the  midst  of  one  the  north  j 
pole,  and  in  the  midst  of  the  other  the  south  pole,  siich  a  circle  is  called  the  J 
equator,  and  is  so  called  from  equally  dividing  the  globe.     Every  point  in  th" 
circle  will  be  at  the  same  distance  from  the  poles,  and  if  we  imagine  the  globe 
he  cut  by  a  plane  through  the  poles,  that  plane  will  be  at  right  angles  to  th 
circle,  and  the  section  it  forms  will  be  what  is  called  a  terrestrial  moridia 
The  arc  of  this  meridian  between  either  pole  and  the  equator  will  be  one  qua 
ter  of  its  entire  circumference,  and  will  therefore  bo  90°.     The  equator  i 
therefore,  everywhere  90^  from  each  of  the  poles. 

The  hemispheres  into  which  the  equator  divides  the  earth  are  called  the  j 
northern  and  southern  hemispheres.  That  which  includes  the  north  pole,  being  ) 
the  noithein,  and  that  which  includes  the  south  pole,  the  southern. 

The  position  of  a  place  in  either  hemisphere  with  reference  to  the  equator 
is  expressed  by  stating  the  number  of  degrees  of  a  terrestrial  meridian  included  ( 
between  the  place  and  the  equator.  This  is  called  the  latitude  of  the  place ; 
which  is  the  distance  of  the  place  from  the  equator  expressed  in  degrees  of 
the  meridian.  Thus,  if  a  place  be  midway  between  the  pole  and  the  equator, 
its  latitude  is  45°.  If  it  be  distant  from  the  equator  by  two  thirds  of  the  entire 
distance  fram  the  equator  to  the  pole,  its  latiiude  will  be  G0°  and  so  on. 

The  latitude  is  said  to  be  northern  and  southern,  according  as  the  place  is 
in  the  northern  or  southern  hemisphere. 

But  it  is  evident  that  the  latitude  alono  will  be  insufficient  for  the  determina- 
tion of  the  position  of  a  place.  If  we  state  that  a  certain  place  is  45°  north  i 
of  the  equator,  it  will  be  impossible  to  ascertain  certainly  the  place  in  question,  < 
inasmuch  as  there  is  a  circle  of  points  on  the  earth,  all  of  which  are  45°  north  ) 
of  the  equator.  If  we  suppose  a  line  drawn  on  the  surface  of  the  northern  J 
hemisphere  parallel  to  the  equator,  at  the  distance  from  the  equator  of  45°,  ) 
every  point  of  such  line  or  circle  will  be  equally  characterized  by  the  latitude  < 
of  45°  north.  j 

Such  a  circle  is  called  a  parallel  of  latitude,  and  it  is  therefore  apparent  that  ( 
wherever  such  a  parallel  may  be  drawn  upon  the  earth,  all  the  places  upon  it  ? 
will  have  the  same  latitude. 

The  latitude  is,  then,  insufficient  to  determine  the  position  of  any  place. 
How,  then,  it  may  be  asked,  can  the  exact  position  of  any  place  be  expres- 

Lel  us  suppose  that  a  meridian  is  arbitrarily  selected,  passing  through  some 
particular  place,  such  as  the  Capitol  at  Washington.     We  may  conceive  an- 
other meridian  drawn  upon  the  earth  east  or  west  of  that,  so  that  the  two  me- 
ridians shall  include  between  them  an  arc  of  the  equator,  consisting  of  a  defi- 
nite number  of  degrees ;  say,  for  example,  that  it  shall  consist  of  20° ;  then  J 
such  a  meridian  will  be  defined  by  stating  that  it  is  20°  east  or  west  of  the  S 
meriu^in  of  Washington.     All  that  can  be  settled  by  such  a  statement  is  the  J 
position  of  the  meridian  in  which  the  place  lies  with  reference  to  the  arbitrarily  J 
chosen  meridian  of  Washington.     This  relative  position  of  the  two  meridians  ( 
is  called  the  longitude  of  the  place.     As  the  meridian  from  which  the  longitude  j 
is  measured  is  altogether  arbitrary,  there  being  no  physical  or  geographical  j 
reason  why  one  meridian  should  be  chosen  rather  than  another,  each  nation  ) 
has  naturally  selected  as  the  zero  of  longitude  the  meridian  of  some  noted  < 
place  in  its  precincts.     In  England,  the  Royal  Observatory  at  Greenwich  has  > 
been  the  place  selected,  and  accordingly  in  all  English  works  on  geography,  < 
political  and  physical,  longitudes  are  invariably  expressed  in  reference  to  the  ) 
meridian  of  Greenwich.     It  will,  therefore,  be  most  convenient  for  us  here  j 
chiefly  to  refer  to  that  meridian. 
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When  these  explanations  are  clearly  understood,  we  shall  be  in  a  condition,  < 
distinctly  and  definitely,  Ui  express  the  position  of  a  place  upon  the  surface  of  S 
the  globe  of  the  earth.     If  we  state  its  latitude  and  its  longitude,  we  can  fix  ! 
at  once,  and  unequivocally,  the  posilion  of  a  place.     Thus,  let  us  suppose  that  its  J 
latitude  is  50°  north,  its  longilucle  30°  east  of  Greenwich ;  its  posilion  will  be  ! 
found  by  imagining  a  line  parallel  to  the  equator  drawn  upon  the  northern  hem-  J 
isphere  at  a  distance  of  50°  from  the^  equator;  then,  supposing  a  meridian  i 
drawn  through  Greenwjch,  intersecting  this  parallel,  and  another  drawn  so  as  j 
to  cross  the  equator  at  a  point  30°  east  of  the  former ;  the  place  in  question  < 
will  be  upon,  the  line  parallel  to  the  equator  first  drawn,  inasmuch  as  it  will  be  ) 
50°  north  of  the  equator,  and  it  will  be  also  in  the  meridian  last  drawn,  inas- 
much as  it  will  be  30°  east  of  Greenwich.     Since,  then,  it  will  be  at  the  same 
time  in  both  these  lines,  it  will  necessarily  be  at  the  point  where  they  cross 
each  other  at  the  east  of  the  standard  meridian  of  Greenwich. 

Thus,  then,  we  have  succeeded  at  least  in  establishing  standards  of  position 
and  a  nomenclature  by  which  the  exact  position  of  a  place  on  the  surface  of  J 
the  globe  can  be  expressed.     But  we  have  still  another  much  more  important  J 
and  difiicnlt  question  to  settle.     How  are  we  to  discover  in  what  part  of  the 
globe  any  place  is  which  we  may  occupy  at  a  given  time  ;  in  other  words,  how  { 
are  we  to  discover  its  latitude  and  its  longitude  ?     These  are  questions,  ( 
pecially  the  latter,  attended  with    some    difficulty,    and  which   have  been  I 
solved  by  different  methods,  applicable  in  different  cases,  according  to  the  cir-  S 
cumstances  under  which  the  position  of  the  place  is  sought,  und  the  purpose  i 
for  which  such  position  is  to  be  determined.  i 

At  any  place  on  land  where  the  geographical  position  is  once  determined,  ' 
it  may  be  recorded,  so  as  to  he  permanently  known  for  the  future  without  a  / 
repetition  of  the  process  for  determining  it ;  but  it  is  otherwise  at  sea.     On  the 
trackless  surface  of  the  deep  all  marKs  of  events  and  operations  are  immedi- 
ately obliterated,  and  a  new  investigation  must  be  instituted  in  every  case  when 
the  posilion  of  any  point  is  to  be  determined.     The  mariner  must,  therefore,  , 
be  supplied  not  only  with  the  means  of  determining  the  position  of  his  ship  a 
all  times,  but  with  means  the  application  of  which  is  practicable  under  the  ? 
peculiar  circumstances  in  which  he    is  placed.     The   instruments   he    uses  J 
must  not  only  be  portable,  but  must  be  such*as  may  admit  of  being  manipulated,  , 
subject  to  the  disturbances  and  the  vicissitudes  of  the  sea.     The  object  of  his 
observations  must  be  such  as  are  almost  always  in  his  view.     It  is  evident,  ? 
then,  that  the  problem,  as  applicable  on  land,  is  wholly  different  in  its 
cumstances  and  conditions  from  that  which  is  applied  on  the  deep.     But  even  ? 
on  land  the  problem  presents  itself  under  various  circumstances  and  conditions.  J 
In  the  fixed  observatory,  where  the  philosopher  is  supplied  with  instruments  1 
of  the  greatest  magnitude,  of  the  most  refined  accuracy,  and  the  most  absolute  J 
stability,  methods  have  been  used  which  are  susceptible  of  the  last  concei'' 
able  degree  of  accuracy,  and  accordingly  the  position  of  those  points  on  th 
globe  where  such  observatories  have  been  erected,  are  usually  determined  wii 
the  greatest  degree  of  precision.     Such  points  on  the  globe  serve,  therefor 
as  a  sort  of  geographical  landmarks,  relative  to  which  die  position  of  all  sur-  ? 
rounding  places  may  be  determined.  J 

The  circumstances  under  which  the  scientific  traveller  and  geographer  makes  J 
his  observations,  with  a  view  to  the  general  determination  of  the  points  of  a  i 
country,  are  less  favorable  to  accuracy  than  those  available  to  the  astronomer,  J 
hut  still  are  more  susceptible  of  precision  than  those  which  can  be  placed  at  J 
the  disposal  of  the  mariner.  It  is,  however,  the  business  and  the  duly  of  those  ( 
who  devote  their  lives  to  the  advancement  of  the  sciences,  to  supply  to  each  class  5 
of  observers  those  instruments  and  methods  of  inquiry  which  are  capable,  respect-  J 
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THE  LATITUDES  AND  lOSGITUBES, 


irely  of  giving  results  which,  in  the  circumstances  of  the  case,  have  the  gieat- 
est  attainable  accuiacy. 


TO  FIND  Tax   LATITIWE. 

Lei  ua  suppose  the  globe  of  the  earth  to  be  represented  at  0,  and  let  N  be  io 
north  pole,  and  E  its  equator  ;  let  P  be  a  place  upon  it,  whose  latitude,  that  is, 
whose  distance  from  the  equator  is  to  be  detfermined.     Let  n  Z  e  represent  the 
firmament  surrounding  the  globe  at  an  indefinite  distance.     The  point  n,  imme- 
diately over  the  north  pole,  and  which  is  in  fact,  the  continuation  of  the  line  0 
N  will  be  the  place  of  the  north  pole  in  the  heavens,  very  near  to  which  is  a 
star,  cEdled  the  Polar  star.     The  point  e,  in  the  continuation  of  the  line  O  E, 
t  will  be  that  which  is  directly  m-er  the  equator  and  will  be  that  point  in  the 
J  heavens,  representing  the  position  of   the  equator  and  lie  point  Z,  in  the 
j  continuation  of  the  line    0    P,  the  point  of  the  heavens  which  is  directly 
)  over  the  observer  at  the  place  P,  will  be  that  which  is  called  his  zenith.    This 
■,  point  is  chat  to  which  a  plumb  line  would  direct  itself. 

Now  the  points  n,  Z,  and  e,  are  the  points  in  the  firmament  which  correspond 
with  the  points  N,  P,  and  E,  upon  the  earth,  and  it  is  evident  that  whatever 
arcs  of  the  terrestrial  meridian  N  P  E  are  included  between  these  points, 
similar  arcs  of  the  celestial  meridian  must  be  included  between  the  points  » 
Z  e.  If,  then,  P  E  were  40^,  Z  e  nnist  also  be  40°,  just  as  n  e  is  90°,  while 
N  E  is  also  90". 

In  short,  the  zenith  of  any  place  in  the  heavens  is  the  point  in  the  firmament 
which  corresponds  with  the  position  of  the  place  on  the  globe,  and  the  distance  of 
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ihe  zenith  in  ihaheavens  of  one  place,  from  the  zenitliof  another  must  necessarily  J 
bo  the  same  in  degrees  as  the  distance  between  two  places  on  earth.  Thusn  is 
zenith  of  P  ;  e  is  the  zenith  of  E  ;  n  ia  the  same  number  of  degrees  from  e 
'  is  from  E.  This  being  clearly  understood,  it  is  evident  that  if  we  can,  by  ( 
means  ascertain  by  observations,  the  distance  from  Z  to  n,  we  can  infer  at  ) 
s  the  distance  from  P  to  N,  and  hence,  caa  discover  the  distance  from  { 
I  E,  or  the  latitude  of  the  plac 

I  is  apparent,  then,  if  we  can  observe  the  distance  of  the  zenith  of  any  I 
I  place  from  the  celestial  pole,  that  will  give  ua  the  distance  in  degrees  of  the  plac 
(  itself  from  the  terrestrial  pole,  and  by  subtracting  that  from  90°,  we  shall  obtain  i 
i  the  distance  of  the  piace  itself  from  the  equator,  or  what  is  the  same,  its  latitude.  ) 
n  example  of  this,  lei  us  suppose  that  in  measuring  the  distance  frofn  Z  tc 
find  it  to  be  50°  ;  we  infer,  therefore,  that  since  the  distance  of  the  zenith  > 
J  from  the  pole  is  50°,  the  distance  of  the  place  fromthe  terrestrial  pole  is  also  50°. 
"ut  since  the  terrestrial  poie  is  90°  from  the  equator,  it  follows  that  the  dis- 
e  of  the  place  from  the  equator  must  be  40°,  and  it  is  north  or  south,  i 
cording  as  the  zenith  of  the  place  is  in  the  northern  or  southern  hemisphere 
the  firmament. 

Thus,then,  it  appears  that  the  latitude  of  a  place  can  always  be  found,  provided  ( 

we  can  measure  the  distance  of  its  zenith  from  the  celestial  pole ;  and  this,  of  ( 

course,  can  always  be  done  by  the  use  of  proper  instruments,  provided  that  the  S 

;   zenith  and  the  pole  can  be  distinctly  seen.     Now  the  direction  of  the  zenith  ( 

I   can  always  be  determined  by  the  plumb  line  ;  but  although  the  pole  star  is  very  / 

near  the  pole,  it  is  not  exactly  at  it ;  there  is,  in  fact,  no  star  exactly  at  the  J 

I   pole,  and  there  being  no  visible  object  there,  it  is  impossible  lo  measure  direct-  ) 

ly  its  distance  from  the  zenith.     I'his  difiiculty  is  eluded  by  measuring  the  ( 

1  distance  of  the  zenith  from  some  star,  ONOther  celestial  object,  whose  distance  ) 

from  the  pole  happens  to  bo  known  ;  for  example,  suppose  that  there  we—  " 
I  star  directly  between  the  zenith  and  pole,  whose  distance  from  the  pole 
I  known  to  be  10°.     Then  if  we  find  by  observing  the  distance  of  the  zenith  ( 

from  this  star  was  40°,  we  should  immediately  infer  the  distance  of  the 
I  from  the  pole  lo  be  50°. 

It  is  in  fact,  then,  by  this  device  that  the  latitude  is  always  ascertained.  By  } 
[  various  observations  made  by  astronomers,  the  positions  of  most  of  the  stars  S 
I  and  other  celestial  objects,  with  respect  to  the  poles,  are  known  and  recorded ; 
;  and  when  we  desire  to  determine  the  latitude  of  any  place,  we  measure  the 
I  distance  of  the  zenith  of  that  place  from  some  celestial  object  whose  position  ) 
with  respect  to  the  pole  ia  known,  and  thence  infer  the  position  of  the} 
I   place  with  respect  to  the  terrestrial  pole ;  and  from  that  deduce    '  ' 

!   latitude.  - 

But  our  purpose  would  be  equally  served  if  we  were  supplied  with  the  po- 
sition of  any  visible  object  with  reference  to  the  celestial  equator.     Thus,  if  i 
I   we  know  the  distance  of  the  centre  of  the  sun  from  the  celestial  equator 
shall  readily  be  able  to  find  the  latitude  ;  for  it  would  only  be  necessary  v 
<  the  sun  is  in,  or  very  near  the  meridian,  that  is,  at  or  near  noon,  to  mea 
I  the  distance  of  the  zenith  of  the  place  from  the  centre  of  the  sun.      This  ( 
■   would  be  done  by  measuring  the  distance 
and  then  from  the  lower  limb  of   h        n 
be  the  mean  between  these. 

Let  us  suppose,  for  example,  ih 
equator,    we  find  that  the  diata 
sun  is  30°,  and  that  we  also  asc  i 
sun,  that  the   distance   of  the   c 
i  also   20°,   we   should  inf 
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J  from  the  equator  must  be  40°,  and  that  such,  therefore,  must  be  the  latitude  ( 
j  of  the  place. 

?  This  method  of  ascertaining  the  latitude  is,  perhaps,  the  most  easily  practi- 
i  cable.  The  observaliona  may  be  performed  daily,  at  noon,  when  the  sun  is 
:  and  in  all  almanacs,  the  distance  of  the  centre  of  the  sun  from  the  j 
,  which  is  called  the  sun's  declination,  is  registered.  The  instrument  by  ) 
}  which  the  observations  are  executed  on  land  are,  usually,  a  quadrant  fumisli 
i  with  a  telescope  moving  upon  its  centre.  One  radius  of  the  quadrant  is  plac 
J  in  the  direction  of  the  plumb  line,  and  therefore  points  to  the  zenith.  The  j 
J  telescope  moves  round  the  centre  until  it  is  directed  to  the  object  whose  j 
J  distance  from  the  zenith  is  to  be  observed.  The  angle  between  the  telescope  j 
(  and  the  vertical  radius  of  the  quadrant  will  then  be  the  same  as  the  distance  J 
?  of  the  object  from  the  zenith. 

In  astronomical  observatories  methods  of  observation  have  been  applied  si 
:eptible  of  much  greater  accuracy.    Stars  upon  the  meridian  can  thereby  be  used  j 
(  with  great  advantage.     The  distance  of  these  stars  from  the  pole  are  accurate- 
f  ly  known,  and  the  astronomer  selects  for  his  observation  those  conspicuous 
J  stars  which  pass  very  near  to  his  zenith.     He  observes  the  arc  of  the  celes-  J 
iridian  between  his  zenith  and  these  stars.  And  from  the  magnitude  of  the 
i  the  distance  of'  the  star  of  the  celestial  pole,  he  discovers  the  dis-  } 
i  tance  of  the  zenith  from  the  pole  and  thence  the  latitude. 

>       The  principal  source  of  accuracy  in   this   method  is,   that  the   distance  be-  j 
I  tween  the  zenith  and  the  star  being  very  small,  is  capable  of  more  exact  m< 
j  uremenl,  for  reasons  connected  with  the  structure  of  the  astronomical  ins 
nent,  than  could  be  attained  in  the  measurement  of  greater  angles. 

In  observations  made  at  sea,  it  is  not  practicable,  however,  to  use  the  plumb  i 

ine,  and  indeed,  even  for  the  purposes  of  geographers  it  is  not  always  con 

'enient.     An  admirable  instrument  has  been  invented  equally  applicable  t< 

(  observations  by  land  or  by  water,  called  Hadley's  sextant,  by  means  of  which  j 

)  the  observations  can  be  made  with  reference  to  the  horizon,  independent  of  the  ) 

I  zenith,  and  therefore  independent  of  the  plumb  line. 

r  purpose  here  to  enter  into  a  description  of  the  principles 
I  structure  of  this  celebrated  and  most  useful  instrument.  It  will  be  suffic 
[  for  the  present  purpose  to  state  that  it  is  capable  of  being  applied  to  the  m 
J  urement  of  the  angular  distances  between  any  two  visible  objects  with  a  ' 
}  gffeat  degree  of  precision,  and  that  it  may  be  used  with  facility,  even  w 
J  the  position  of  the  observer  is  subject  lo  all  the  unsteadiness  incidental  to 
(  condition  of  the  mariner. 

When  this  instrument  is  used,  instead  of  observing  the  distance  of  any  oh- 
I  ject  from  the  zenith,  we  observe  its  distance  from  the  horizon,  which  will  an 
se,  inasmuch  as  that  whenever  the  distance  of  an  objec 
\  from  the  horizon  is  known,  its  distance  from  the  zenith  can  be  found,  since  thi 

m  the  zenith  to  the  horizon  being  90°,  if  we  subtract  the  distance  J 
\  of  the  object  from  that,  the  remainder  will  be  the  distance  of  the  object  from  } 
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generally,  indeed  almost  always,  a  well-defined  horizon.  \ 
If  the  mariner  desires  lo  measure  the  altitude  of  an  object,  he  has  only  tc 
measure  the  distance  of  the  object  from  the  horizon  in  a  direction  perpendiculai 
to  it,  and  this  he  is  enabled  to  do  with  a  little  practice,  with  admirable  facility  J 
and  precision,  with  Hadley's  sextant. 

■Let  us  see,  then,  how  the  mariner  is  thus  enabled  daily  to  determine  the  lati-  ; 
tude  of  his  ship. 

As  noon  approaches,  the  sky  being  sufficiently  clear  to  render  the  disk  of  J 
the  sun  visible,  he  applies  the  instrument  and  measures  the  altitude  of  the  ) 
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}  lower  and  upper  limbs  of  tlie  sun  from  the  verge  of  the  horizon.  The  mean 
J  of  these  will  be  the  altitude  of  the  sun's  centre.  If  this  altitude  be  taken  front 
J  90",  the  remainder  will  be  the  distance  of  the  sun's  centre  from  the  zenith. 
t  He  finds  in  his  almanac  the  distance  of  the  centre  of  the  sun  on  that  day  from 
?  the  equator,  and  hence  he  at  once,  as  already  explained,  obtains  the  distance  ■ 
\  of  his  zenith  from  the  equator ;  that  is,  thd  latitude  of  the  ship. 
)  There  are  several  minute  circumstances  observed  in  the  practice  of  this  prob- 
5  lem,  which  do  not  affect  its  general  spirit,  and  the  introduction  of  which  here 
would  be  unsuitable  to  the  object  of  these  discourses ;  we  therefore  omit 
ihem. 

Thus  we  see  that,  whether  by  sea  or  by  land — whether  in  the  observatory 
of  the  astronomer,  traversing  the  sands  of  the  desert,  or  the  forests  of  America, 
or  voyaging  over  the  trackless  and  unimpressible  surface  of  the  ocean — we  are 
in  every  case  by  science  supplied  with  suitable  and  practicable  means  by  which 
we  can  ascertain  the  distance  of  the  place  where  we  aje,  north  or  south,  east 
or  west  on  the  globe. 

TO    DETERMINE    THE    LONGITUDE. 

In  expressing  and  determining  the  latitude  of  a  place,  we  have  fixed  points 
\  and  lines  on  the  firmament  to  refer  to — such  as  the  celestial  pole  and  equator ; 
i  and  lo  find  it,  nothing  mote  is  necessary  than  to  ascertain  the  position  of 
\  the  zenith  of  the  place  with  reference  to  these.  But  with  respect  to  the 
i  loogitudfl,  the  case  is  very  different;  it  is  impossible  even  to  express  the 
'  jngilude  without  involving  a  reference  lo  two  places  at  least — that  of  which 
;e  wish  lo  determine  the  longitude,  and  that  which  is  selected  as  the  starting 
J  point  from  which  all  longitudes  are  to  be  measured.  If  we  could  observe  in 
j  the  firmament  the  two  points  which  at  the  same  time  form  the  zeniths  of  the 
o  places,  then  the  difl'erence  of  their  longitudes  could  be  found  by  noting  the 
les  at  which  these  two  points  would  cross  the  meridian  of  the  place  whose 
I  longitude  is  to  be  determined. 

j       To  comprehend  fully  the  spirit  of  the  celebrated  problem  of  finding  the  lon- 
(  gitude,  we  must  imagine  the  globe  of  the  earth  turning  on  its  axis,  having  around 
f  it  the  starry  firmament.     Let  us  suppose  A  B  to  be  the  northern  hemisphere  of  ^ 
i  the  globe,  p  being  the  pole,  and  let  F  E  represent  the  firmament.     Let  P  be  a  1 
J  place  whose  zenith  is  the  point  on  the  firmament  marked  by  Z.     If  we  suppose  j 
J  the  globe  to  turn  upon  its  axis  in  the  direction  of  Q  P  N,  P  will,  by  its  ro-  j 
i  tation,  be  carried  to  the  right  of  Z,  and  the  same  point  Z  will  become  aucces-  } 
'  ve]y  the  zenith  of  the  points  R  Q ;  and,  in  fact,  every  point  in  the  circumfer-  I 
ice  of  the  earth  will  successively  come  under  the  point  Z,  which  will  be, 
(  therefore,  in  regular  succession,  their  zenith  points.     In  twenty-four  hours,  or, 
i  mote  accurately,  in  twenty-three  hours  and  fifty-six  minutes,  the  globe  will 
j  make  its  complete  revolution ;  therefore  three  hundred  and  sixty  degrees  of  the 
j  earth  will  successively  pass  under  the  same  point  of  the  firmament. 

By  knowing  exactly  the  lime  of  totatioa  of  the  earth,  and  having  ascertained 
hat  its  diurnal  motion  is  uniform,  we  can  ascertain  by  simple  ariUimetic  what 
J  extent  of  iis  surface  will  pass,  in  a  given  time,  under  any  point  of  the  firma- 
J  ment.     Thus  if  we  say  in  round  numbers  that  the  whole  circumference  corre- 
sponds lo  twenty-four  hours,  it  will  follow  that  fifteen  degrees  will  move  under 
j  the  point  Z  each  hour,  or  one  degree  in  four  minutes. 

(       If  we  suppose  Z  Jo  represent  the  place  of  the  sun,  then  it  will  be  noon,  or 

J  twelve  o'clock,  at  the  place  which  is  immediately  under  Z  ;  that  is,  at  P.     If 

1  be  fifteen  degrees  west  of  P,  then  it  will  arrive  under  Z  one  hour  after  P ; 

:onsequenily,  when  it  is  noon  at  P  it  is  eleven  o'clock  at  a  place  fifteen  degrei 
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t  will  be  apparent  from  these  explanations,  that,  in  general,  the  hour  of  the 
day  at  different  places  upon  the  earth,  at  the  same  time,  will  depend  upon  their 
relative  position  east  or  west  of  each  other.  If  one  place  be  east  of  another, 
the  bout  at  that  place  will  be  later  with  respect  to  noon  than  the  hour  at  the 
other ;  and  the  extent  to  which  it  is  later  will  depend  on  the  distance  which 
one  place  is  east  of  the  other.  In  calculating  this  difference  of  time  from  the 
difference  of  position  east  or  west,  we  may  take  fifteen  degrees  lo  correspond 
with  an  hour,  as  already  explainei' 

But  this  distance  of  one  place  ( 
S,  in  fact,  the  difference  of  iheir 
question  be  that  from  which  the  longitudes 

the  longitude  of  a  place  would  resolve  its  ^ 

of  the  day  in,  the  place  whose  longitude  we  wa:^  to  find,  and  also  at  the  pli 
fiom  which  the  longitudes  are  measured. 

Thus,  for  esample,  let  us  suppose  that  we  ascertain  the  hour  of  the  day  i 
New  York,  and  find  that  it  is  3  o'clock  in  the  afternoon,  and  that  we  have 


of  another,  expressed  in  degrees, 
and  if  one  of  the  two  places  in 
e  measured,  the  determination  of 
of  the  hour 
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ans  by  whicli  we  can  discover,  at  the  same  time,  what  the  hour  of  the  day  ' 

It  Greanwich,  and  that  by  these  means  we  know  that  it  is  5G  minutes  past  . 

i'clock.  We  know,  then,  that  the  time  is  4  hours  56  minutes  earlier  at  New  ; 
I  York  than  at  Greenwich,  and  consequently  we  infer  that  New  York  must  be 

it  of  Greenwich  by  a  longitude  which  corresponds  to  4  hours  56  minutes. 

w  4  hours  correspond  to  60°,  and  56  minutes  correspond  to  14°  ;  therefore 
S  it  follows,  that  the  longitude  of  New  York  must  be  74^  west  of  Greenwich. 
(  We  can,  then,  always  discover  the  longitude  of  any  place,  provided  we  can 
)  ascertain,  St  any  moment,  the  hour  of  the  day  at  the  place  in  question,  and 
j  know,  at  the  same  time,  what  the  hour  of  the  day  is  in  that  place  from  which 
(  the  longitude  is  measured.* 

(  There  are  simple  methods  of  observation  and  calculation  by  which  the 
J  hour  of  the  day  in  the  place  where  we  are  can  be  determined,  with  more  or 
<  less  accuracy,  according  to  the  circumstances  of  our  position.  If  we  are  on 
)  land,  and  supplied  with  a  proper  transit  instrument,  we  can,  by  its  means,  ob- 
i  serve  the  moment  at  which  the  centre  of  the  sun's  disk  passes  the  meridian, 
\  Thus,  as  the  moment  of  noon  arrives,  by  observing  it,  we  can  set  a  good  clock, 
j  which  will  inform  us  of  every  other  hour  of  the  day.     But  even  in  the  absence 

a  clock  we  can  determine  the  hour  of  the  day  at  any  moment  at  which  the 

I  is  visible,  by  observing  its  altitude,  having  previously  ascertained  the  lati- 
i  tude  of  the  place  at  which  we  are. 

If  we  are  at  sea,  where  we  cannot  command  a  transit  instrument,  nor  use  it  if 
could,  the  latitude  of  the  place  of  the  ship  is  first  determined,  and  then  the 
I  hour  is  found  by  observing  the  altitude  of  the  sun  at  any  convenient  time  in  the 
J  afternoon  or  forenoon.  The  hour  being  once  found,  the  time  can  be  kept  by  a 
5  chronometer  for  any  number  of  hours  afterward.  Thus  it  appears,  under  ail  cir- 
j  cuinstances,  whether  by  sea  or  by  land,  there  is  no  practical  difficulty  in  de- 
5  lermining  what  o'clock  it  is  where  we  are.  This  at  once  reduces  the  problem 
\  of  the  longitude  to  the  simple  discovery  of  the  hour  of  the  day,  at  qny  given 
)  time,  at  the  place  from  which  the  longitudes  are  reckoned. 

The  first  and  most  obvious  method  of  accomplishing  this  which  would  occur 
.0  the  mind,  would  be  to  carry  a  good  chronometer  from  the  place  from 
\  which  the  longitude  is  reckoned.  Supposing  this  chronometer  subject  to  no 
'  will  continue  to  inform  you  of  the  hour  of  the  day  at  that  place.  Thus, 
\  suppose  that  on  leaving  London  the  mariner  takes  with  him  a  chronometer  set 
j  according  to  the  time  at  Greenwich,  and  with  it  makes  his  voyage  to  New 
)  York ;  the  chronometer  will  continue  to  inform  him  what  the  time  is  from  hour 
j  to  hour  at  Greenwich.     When  he  arrives  at  New  York,  he  will  find  that  wh< 


{  the  chronometer  points  to  12  o'clock,  o 


I,  it  will  be  early  in  the  morning; 


5  and  if  he  ascertains  the  hour  exactly,  he  will  find  that  it  will  be  4  minutes  after  ) 

o'clock.     He  will  therefore  know  that  the  time  at  New  York  is  4  hours  56  i 

i  minutes  earlier  than  at  Greenwich,  and,  consequently,  that  New  York  must  be  ( 

[  74°  west  of  Greenwich.     It  is  for  these  reasons  that  the  perfection  of  chro-  ( 

}  nometers  has  always  been  considered  so  essential  to  the  progress  of  navigation.  \ 
\  Every  ship  that  makes  a  long  voyage  ought  to  he  supplied  with  one,  at  least,  o' 
J  these  instruments  ;  but  as  they  are  liable  lo  accident,  and  as  even  the  best  o 

?  them  cannot  be  rendered  perfect,  it  is  usual  with  ships  that  are  well  provided  j 
5  for  long  voyages  to  carry  more  than  one  chronometer. 

5       Although  the  art  of  constructing  time-keepers  has  been  brought  to  a  high  de- 

{  gree  of  perfection  by  the  skill  of  modern  artisans,  these  instruments  are  even  yet,  ( 

I  and  probably  will  ever  continue  to  be,  too  imperfect  to  be  implicitly  and  exclu-  i 

nelhods  or  deter-  I 
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i  sively  relied  upon.     If  we  only  required  their  indications  for  short  spaces  of  S 

s  a  few  days,  or  even  weeks,  we  raight  perhaps  place  a  secure  i 
(  liance  upon  them ;  especially  if  the  voyager  were  provided  with  more  than  o 

(It  of  this  kind.     But  in  voyages  or  journeys  which  occupy  months,  ( 
It  rely  on  the  indications  of  these  instruments,  even  when  most  liberally  j 
}  provided  and  most  perfectly  constructed. 

i       In  the  absence,  ihen,  of  a  chronometer,  how,  it  will  be  asked,  can  the  lon- 
J  gitude  of  a  place  be  ascertained  at  all.     The  first  method  that  will  occur  to  the 
(  mind,  will  be  that  of  some  conspicuous  signal  which  can  be  seen  at  the  same  } 
two  places,  whose  difference  of  longitude  is  lo  be  determined.  • 
\  For  this  we  requite  two  observers  ;  but  it  is  perhaps  the  method  of  all  others,  sus- 
ceptible of  the  greatest  accuracy.     Let  us  suppose  that  on  some  elevated  posi- 
\  tion  between  two  distant  places,  such  as  New  York  and  Boston,  a  sudden  J 
1  conspicuous  light  is  produced,  such  as  the  celebrated  Drummond  light,  ' 
I  which  might  be  exhibited  on  the  top  of  a  high  mountain  so  as  to  be  visible  a 
j  great  distance.     Let  this  signal  be  exhibited  at  any  required  moment,  so  as  to 
J  render  it  suddenly  visible  at  the  two  places.     Let  the  observers  at  these  places 
S  note  precisely  the  hour  of  the  day  or  night  at  which  the  light  is  seen.     By  i 
J  comparing  afterward,  these  limes,  their  difference  will  at  once  give  us  (he 
>  difference  of  the  longitude  at  the  two  places. 

(  But  this  method  is  evidently  applicable  only  on  a  hmited  scale,  and  under  pe- 
(  culiar  circumstances ;  it  is  altogether  unavailable  to  thS  mariner.  Now  the  J 
er  supplies  him  with  a  chronometer  of  unerring  precision ;  a  chro-  ) 
which  can  never  go  down,  nor  fail  into  disrepair ;  a  chronometer  J 
(  which  is  exempt  from  the  accidents  of  the  deep  ;  which  is  undisturbed  by  the  J 
}  agitation  of  the  vessel;  which  will  at  all  times  be  present  and  available  lo  him  ( 

wherever  he  may  wander  over  the  trackless  and  uoexplored      g  f   h 

?  ocean.     Such  a  chronometer  has  been  found ;  made  by  an  Artis  n  wh       n 

J  err,  and  into  whoso  works  imperfection  can  never  enter.     Such       h         n 

s  suppli6d  by  the  iirmament  itself.     The  unwearied  labors  of  n    d    n  as 

J  omers  have  converted  the  face  of  the  heavens  into  a  clock,  and  h  gl 

to  read  its  complicated  but  infallible  indications.  W  m  y  f,  d 
J  for  (his  purpose  the  firmament  as  the  dial-plate  of  a  chronometer  on  an  ira- 
)  mense  scale.  The  constellations  and  the  fixed  stars  upon  it,  which  .for  count- 
J  less  ages  are  subject  to  no  change  in  position,  serve  as  the  hour  and  minute- 
\  marks.     The  sun,  the  moon,  the   planets,  and   the    satellites,   which  move  J 

mtiau ally  over  the  surface  of  this  splendid  piece  of  mechanism,  play  the  parts 

!  of  the  hands  of  the  clock.     The  positions  of  these  bodies  from  day  to  day  and  ' 

J  from  hour  to  hour,  and  every  change  of  their  positions,  are  accurately  foreknown  ', 

ind  exactly  registered  in  a  book  published  some  two  or  three  years  in  advance,  ■ 

}  called  the  "Nautical  Almanac,"  and  circulated  for  the  benefit  of  mariners.     In  . 

,bis  work,  the  navigator  is  told  what  the  hour  is  or  will  be  at  Greenwich  for  every  J 

variety  of  position  which  the  sun,  moon,  and  planets,  shall  have  from  time  to  time  ? 

J  upon  the  heavens.     But  of  all  objects  in  the  heavens,  that  which  is  best  suited  J 

}  for  this  species  of  observation  is  the  moon,  and  hence  this  method  of  deter-  , 

lining  the  longitude  at  sea  has  been  distinguished  by  the  appellation  of  ihe 

mar  method.     By  the  use  of  Hadley's  sextant,  which  we  have  already  alluded  i 

I,  it  is  easy,  whenever  the  heavens  are  clear,  to  observe  the  angular  distance  J 

)  of  tbe  moon  either  from  the  sun  or  from  the  most  conspicuous  stars  or  plan 

I  The  motion  of  tbe  moon  in  the  firmament  is  so  rapid  that  its  change  of  p 

s  perceptible,  even  by  such  observations  as  can  be  made  on  board  a  ship  ) 
]  from  hour  to  hour. 

Ill,  it  may  be  asked,  can  such  observations  be  made  subserv 
<  the  discovery  of  the  longitude  of  a  ship  ?     Nothing  can  be  more  simple. 
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avigator  requires  only  to  know  what  is  the  hour  at  Greenwich  at  the  timt  he 
lakes  his  observation.  This  he  discovers  in  the  following  manner:  He 
observes  with  the  sextant  the  distance  of  the  moon  from  the  sun,  or  from 
le  of  the  most  conspicuous  stars  ;  he  then,  after  ceriain  preliminary  cal- 
culations not  necessary  to  detail  here,  examines  in  the  Nautical  Almanac, 
?  where  he  learns  what  the  hour  is  at  Greenwich,  when  it  has  these  particular 
5  distances  from  the  sun  or  the  stars.  Knowing  this,  and  knowing  the  hour 
{  where  he  is,  the  difference  of  the  longitude  of  a  ship  and  the  observatory  at 
)  Greenwich  is  known  to  him. 

Although  the  moon  be  of  all  the  celestial  jobjects  the  best  adapted  for  this 
!  observation,  it  is  not  the  only  one  which  has  been  resorted  to.  It  may  be  in  a 
(  position  so  near  the  sun  that  it  cannot  be  conveniently  observed ;  in  ils  ab- 
J  sence,  the  navigator  may  resort  to  planets  which  may  happen  to  be  visible. 
I  These  may  be  used  in  the  same  manner  and  according  to  the  same  principles 
i  as  the  moon,  but  they  do  not  afford  a  result  susceptible  of  the  same  accuracy, 
i  inasmuch  as  their  motions  being  slower,  he  cannot  be  so  certain  of  their  exact 

>  positions. 

The  advantage  which  the  lunar  method  of  determining  the  longitude  has  for 

he  purpose  of  the  mariner  is,  that  it  is  always  available,  when  the  sky  is  un- 

)  clouded.     There  are,  however,  other  methods  which  are  appiicable  occasion- 

>  ally,  both  by  sea  and  by  land,  which  ought  not  to  be  omitted  here ;  among 
I  these  the  most  frequent,  and  consequently  the  most  generally  available,  is  the 
5  eclipses  of  Jupiter's  satellites.  Whenever  that  planet  is  sufficiently  removed 
(  from  the  sun  to  be  visible  after  night-fall,  his  moons  may  be  seen  with  an  ordi- 
)  nary  telescope ;  indeed,  they  were  discovered  at  so  early  a  period  in  the  pro- 
J  gressive  improvement  of  the  telescope,  that  they  must  have  been  first  observed 
!  with  a  very  inferior  instrument  of  that  kind.  The  periodic  time  of  the  first  of 
S  these  satellites,  or  that  which  is  nearest  to  Jupiter,  being  only  about  43  hours, 
)  and  its  position  and  motion  being  such  that  it  cannot  pass  behind  Jupiter  with- 
(  out  going  through  his  shadow,  ils  eclipse  must  regularly  recur  every  42  hours. 
)  The  times  of  the  eclipses  at  Greenwich  are  registered  in  the  Nautical  Alma- 
S  nac,  and  if  they  are  observed  at  a  distant  place,  the  time  at  which  they  occur 
)  may  be  compared  with  the  time  at  which  they  would  be  seen  at  Green- 
)  wich,  and  the  longitude  of  the  place  consequently  known.  In  fact  these  eclip- 
{  ses  may  be  regarded  as  signals  which  can  be  seen  at  the  same  time  from  the 
J  two  places ;  the  only  difference  between  them  and  common  signals  being  that 
J  their  occurrence  can  be  certainly  and  accurately  predicted.  It  is  proper  how- 
J  ever  to  observe,  that  although  this  method  is  eminently  useful  to  !he  geographical 
f  traveller,  it  can  scarcely  be  said  to  be  available  in  navigation. 

i  There  are  other  celestial  phenomena  of  occasional  occurrence  which  may 
j  also  be  used  for  determination  of  longitudes.  Such  are  solar  eclipses,  but  more 
S  especially  the  oceultation  of  stars  by  the  dark. edge  of  the  moon.  This  latter 
(  phenomena  is  one  which  admits  of  very  great  precision. 

i       In  connexion,  with  the  subject  of  this  discourse,  it  may  not  be  uninterest- 
j  ing  or  unprofitable  to  explain  the  expedient  by  which  the  British  government 
J  enable  all  navigators  leaving  the  Thames  to  take  with  them  the  precise  Green- 
(  wich  time,  which,  as  we  have  shown,  is  necessary  for  the  determination  of  the 
longitude  of  the  ship  in  the  absence  of  the  opportunity  or  ability  of  practising 
the  lunar  method.     For  a  great  number  of  years,  the  establishment  of  an  easy 
and  certain  method  of  accomplishing  this  was  regarded  as  an  object  of  great 
national  importance  by  the  English  public.     At  length  the  object  was  accom- 
plished by  the  expedient  now  in  use,  and  which  we  are  about  to  explain. 

The  Royal  Observatory  of  England  is  built  on  the  summit  of  an  elevated 
ridge  that  overhangs  the  town  of  Greenwich,  on  the  right  bank  of  the  Thames, 
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!  and  forms  a  conspicuous  object  from  the  river.  The  towers  of  the  observatory  } 
j  are  at  all  times  visible  from  ships  saiUng  down  the  river.  It  was,  therefore,  J 
j  decided  that  a  signal  should  be  given  at  the  instant  of  one  o'clock  in  the  after-  . 
1  of  each  day;  by  observing  which,  navigators  within  view  of  the  observa-  ' 
j  lory  could  correct  their  chronometers.  The  signal  adopted  for  this  purpose  ) 
s  the  sudden  fall  of  a  large  black  ball,  placed  upon  a  pole  raised  from  the  J 
j  lop  of  one  of  the  towers  of  the  observatory.  , 

Before  elevating  the  ball,  at  five  minutes  before  one  o'clock,  a  signal  is  mac 
of  the  intention  to  do  so  by  raising  it  half-mast  high.     Observers  are  then  ii 
5  structed  to  prepare  iheir  chronometers ;  and  as  the  descent  of  the  ball  occupies  J 
f  several  seconds,  they  should  confine  their  attention  to  obserring  the  mome 
5  when  the  ball  leaves  the  top,  as  it  is  that  alone  which  indicates  the  hour, 
'['he  use  of  this  signal  is  not  merely  confined  to  the  indication  of  the  me; 
e  at  Greenwich  for  navigators  going  down  the  river.     By  observing  tl 
p  of  the  ball,  repeated  day  after  day,  mariners  who  are  in  the  river  will  i 
.bled  to  ascertain  the  daily  rate  of  their  chronometers.     Thus,  if  a  clock  J 
re  found  to  show  the  time  of  3  min.  5  sec.  after  1  o'clock  at  the  momon 
I  dropping  the  ball  one  day,  it  will  appear  that  the  clock  is  3  min.  5  sec.  faster  ) 
J  than  the  mean  Greenwich  solar  time.     On  the  following  day,  if  you  again  ob-  . 
■e  the  descent  of  the  ball,  and  find  (hat  the  clock  shows  3  min.  7  sec.  after  ( 
S  1  o'clock,  you  find  that  it  gains  2  seconds  per  day.    Thus  you  are  enabled,  r 
>nly  to  ascertain  the  actual  error  of  the  chronometer,  but  also  predict  the  ma 
ler  in  which  that  error  will  be  augmented  or  diminished  for  the  future. 
In  noticing  the  diff"erent  methods  which  have  been  proposed  for  determining  j 
\  the  longitude,  I  ought  not  to  omit  one  which  has  been  recently  resorted  to  whh  J 
S  considerable  advantage,  and  which  is  called  the  method  of  determining 
\  longitude  by  moon-culminating  stars.     In  the  practice  of  this  method  a  sta 
sen  which  culminates  or  passes  the  meridian  nearly  at  the  same  lime  w 
moon,  and  which  differs  so  little  in  declination  with  the  moon,  that  it  may  ) 
j  be  seen  at  the  same  time  in  the  field  of  view  of  the  telescope.     The  transit  of  ■ 
\  the  star  and  that  of  the  moon's  limb,  is  observed  at  both  stations,  and  the  diff'er- 
ince  of  the  time  at  the  two  stations  noted.     This  difierence  being  dependant 
in  the  moon's  change  of  position  on  the  firmament,  in  passing  from  the  meridian  ( 
■f  one  station  to  the  taeridian  of  the  other,  will  enable  the  observers  lo  de 
nine  the  time  which  the  centre  of  the  moon  lakes  to  pass  from  the  one  meridian  \ 
0  the  other,  which  will  give  the  difierence  of  the  longitudes. 

The  spirit  of  this  method  is  derived  from  the  great  accuracy  of  the  knowl- 

idge  we  have  acquired  of  the  moon's  motions,  and  the  precision  with  which  S 

ve  can  observe  its  transits  over  the  meridians.    In  the  practice  of  this  method,  J 

t  is  indispensable  that  the  moon  and  star  should  difi'er  so  little  in  declination  j 

j  that  the  position  of  the  telescope  will  not  require  to  be  changed  to  observe  I 

i  their  respective  transits.     Although  the  method  has  been  called  that  of  moon-  ) 

\  culminating  stars,  the  only  reason  why  the  moon  and  star  should  be  required  J 

I  pass  the  meridian  nearly  together  is,  that  the  same  errors  may,  as  far  as 

assible,  affect  both  transits,  and  if  so  no  effect  would  be  produced  on  the  uiti- 
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THEORT  OF   COLORS. 


When  a  ray  of  light  meets  the  surface  of  a  transparent  medium,  such  as 
water  or  glass,  in  a  line  perpendicular  to  that  surface,  it  will  pass  through 
without  changing  its  course ;  but,  if  it  meet  the  surface  at  any  oblique  angle,  it 
will  be  bent  into  another  direction,  which  will  depend  on  the  direction  of  the 
incident  ray,  and  the  relative  densities  of  the  media,  between  which  the  ray 
passes.  Generally,  when  it  passes  from  a  leas  dense  into  a  more  dense  medi- 
um, it  is  bent  toward  the  perpendicular  drawn  to  the  surface  of  the  medium  at 
the  point  of  incidence  of  the  ray.  In  this  deflection  it  does  not  leave  die 
plane  passing  through  the  incident  ray,  and  that  perpendicular. 


To  render  this  more  clear,  let  c,  fig.  1,  be  any  visible  object  placed  on  the 
bottom  of  a  vessel  of  water.  Let  c  n  be  a  ray  of  light  passing  from  that  ob- 
ject to  the  surface  of  the  water,  that  ray  after  leaving  the  surface  of  the  water 
and  passing  into  the  air  will  not  continue  in  the  direction  c  n,  but  will  take 
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mother  direction,  n  E,  so  thai 
!  direction  E  n. 

Tiiis  deflection  which  a  ray  of  .light  suffers  ii 
i  medium  into  another,  having  a  different  density,  i 

REFRACTION    AT    PLANE    SURFACES. 

Let  S  S',  fig.  2,  represent  the  surface  which  separates  two  transparent  media. 
P  0  being  less  dense  than  P  O'.  Let  A  P  be  a  ray  of  light  falling  at  P,  and  let 
0  0'  be  perpendicular  to  S  S'.     After  passing  into  the  denser  medium  the  ray 

J  will  follow  the  course  P  A',  making  with  the  perpendicular  P  0,  a  less  angle 

j  than  A  P  0. 


If,  on  the  other  hand,  the  ray  passed  from  A'  lo  P,  it  would  follow  the  course 
P  A  in  the  les^  dense  medium.  This  law  of  refraction  is  usually. expressed 
thus :  when  light  passes  from  a  rare  into  a  dense  medium,  as  from  air  to  water, 
or  from  water  to  glass,  it  is  alwuys  deflected  toward  the  perpendicular  to  the 
reflecting  surface,  and  when  it.  passes  from  a  denser  medium  into  a  rarer,  as 
from  glass  to  water,  or  from  water  to  air,  it  is  bent /rem  the  perpendicular.  _ 

The  extent  of  this  deflection  has  been  determined  by  a  guneral  law,  which, 
expressed  in  the  language  of  geometry,  is,  that  the  sine  of  the  angle  ot  inci- 
dence bears  to  the  sine  of  the  angle  of  refraction,  a  fixed  ratio  when  (he  media 

From  this  it  follows  that  (he  deflection  of  light  by  refraction  wil!  always  be 
increased  with  the  obliquity  of  the  incident  rays. 

It  is  also  found  that  the  degree  of  refraction  will  be  greater  the  greater  the 
difference  of  the  density  of  the  media  is.  Thus  the  refraction  is  greater  when 
a  ray  passes  from  air  into  glass  than  when  it  passes  from  air  into  water ;  it  is, 
also,  greater  when  it  passes  from  glass  into  air  than  from  glass  into  water. 

In  his  celebrated  optical  investigations,  NewtOD  found  that  the  solar  beam 
was  composed  of  different  kinds  of  Hghl,  which,  besides  differing  in  color,  also 
differ  in  refrangibility,  that  is  lo  say,  if  they  fall  at  the  same  angle  on  any 
fleeting  surface,  they  will  not  pass  in  the  same  direction  through  it,  but  i 
follow  different  directions,  according  lo  their  different  susceptibilities  of  being 
refracted.  .        . 

The  kind  of  experiment  by  which  this  remarkable  fact  was  ascertained  is 
follows ; — 

Suppose  a  beam  of  light  proceeding  from  the  sun  to  enter  a  hole  in  a  w 
dow-shutter  and  to  fall  obliquely  on  the  surface  of  a  triangular  piece  of  gli 


Hosted  by 


Google 


J  called  a  prism,  at  D.  The  parts  of  that  ray  in  passing;  through  the  prism  will 
{  diverge  from  each  other,  and  falling  upon  the  second  surface  of  the  prism,  at 
}  F,'wiJl  issue  from  it  stiil  more  dirergent.  If  the  prism  had  not  been  interpos- 
,  a  circle  of  light  would  be  formed  upon  a  white  screen  at  E  N,  which  would 
J  correspond  with  the  magnitude  of  the  opening  in  the  window-shutter.  But 
I  when  the  light  is  made  to  pass  through  the  prism  an  oblong  spectrum  will  be 
J  formed  on  the  screen,  the  breadth  of  which  will  correspond  with  E  N,  but 
)  which  will  have  considerable  length.  This  spectrum  will  exhibit  a  series  of 
J  colors,  the  lowest  of  which  will  be  red,  and  the  highest  violet.  They  will 
}  succeed  each  other  in  the  following  order,  proceeding  upward :  red,  orange, 
j  yellow,  green,  blue,  indigo,  and  violet.  These  colors  will  not,  however,  have 
j  distinct  boundaries,  but  will  pass  gradually,  by  insensible  tints,  one  into  another, 
i  so  that  it  will  be  impossible  to  say  exactly  where  the  red  ends  and  ihe  orange 
<  begins,  and  so  of  the  others. 

Pig.  3. 


This  remarkable  phenomenon  was  explained  by  Newton  by  showing  that  the 
j  solar  light  was  composed  of  a  number  of  different  kinds  of  light,  which  were 
(  capable  of  being  refracted  in  different  degrees  by  the  prism,  those  lights  which 
e  least  refrangible  passing  to  the  lower  extremity,  and  those  that  were  most 
I  refrangible  to  the  npper  extremity  of  the  spectrum.  By  inspecting  the  figure 
i  it  will  be  evident  that  the  red  light  is  less  deflected  from  its  straight  course 
\  than  the  orange  ;  the  orange  less  than  the  yellow  ;  the  yellow   less  .than  the 

>  green,  and  so  on.  Newton,  therefore,  inferred  that  there  were  lights  of  seven 
j  distinct  kinds,  having  seven  different  degrees  of  refrangibility,  and  seven  dif- 
[  lerent  colors. 

This  conclusion,  however,  has  been  subject  to  much  modification  by  subse- 
}  qnent  optical  investigators. 

Ml  is  found  that  rays  of  light  of  the  same  color  differ  slightly  in  refrangibility, 
the  investigations  of  Brewster,  and  others,  appear  to  justify  the  conclusion, 
j  that  the  solar  light,  instead  of  consisting  of  seven  elementary  colors,  is  only 
composed  of  three. 

At  so  early  a  period  as  the  year  1775,  it  was  suspected  that  the  conclusion 
of  Newton,  that  the  spectrum  was  divisible  into  seven  different  simple  con- 
stituent lights,  was  fallacious.  Mayer  maintained  that  there  were  but  three 
j  elementary  colors,  red,  yellow,  and  blue,  and  at  a  later  epoch,  Dr.  Young  sug- 
j  gested  that  all  colors  were  compounded  of  red,  green,  and  violet, 
j  Let  us,  however,  for  a  moment  contemplate  the  actual  result  of  the  prismatic 
j  experiment  of  Newton,  and  let  us  separate,  carefully,  that  which  is  matter  of 

>  observation  in  it,  from  that  which  is,  properly  speaking,  matter  of  hypothesis 

ir  theory. 
In  passing  through  the  prism,  and  being,  thereby,  submitted  to  a  considerable 
{  refracting  action,  a  single  beam  of  light  is  spread  out  into  a  fan  of  rays  as  rep- 
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THEORY  OF  COLORS. 

lesented  in  fig.  3.  This  fan-like  form  is  produced  by  ihe  fact  that  some  of  the  ) 
rays  which  compose  the  beam  are  more  strongly  refracted  by  the  prism  than  j 
others,  and  the  divergence  of  the  fan  depends  upon  the  difference  between  the  f 
extent  of  the  deflection  of  the  most  refrangible,  and  the  least  refrangible  rays.  S 
The  angle  of  divergence  of  the  fan  has  been  called  the  dispersion  of  "the  origi- 
nal beam  by  the  prism. 

When  the  rays,  thus  dispersed,  in  virtue  of  their  different  susceptibility  of  i 
refraction,  are  received  upon  a  white  screen,  Ihey  exhibit  a  streak  of  surface  ) 
illuminated  by  a  series  of  different  lints  of  color,  which,  in  their  general  char-  i 
acter,  are  conformable  to  the  distinction  assigned  to  them  by  Newton  ;  but  ac-  \ 
curate  examination  shows  that  there  are  no  distinguishable  boundaries  between  ■ 
the  successive  tints ;  that  throughout  the  limits  of  the  red  the  degree  of  red-  | 
ness  varies,  that  it  insensibly  melis  away  into  the  beginning  of  the  orange,  ■ 
which,  increasing  to  a  point  where  its  intensity  is  greatest,  again  gradually  S 
melts  away  insensibly  into  the  yellow,  and  so  on,  the  successive  colors  and  ti 
of  color  fading  imperceptibly  into  each  other.  Now  there  is  nothing  in  thi 
circumstances  to  afford  any  rigid  justification  of  the  seven  elementary  colors  J 
assigned  by  Newton,  and  when  we  consider,  what  is  not  disputed  by  Newton  S 
himself,  that  the  commingling  or  blending  together  of  lights  of  different  colors  ( 
will  produce  intermediate  tints,  it  follows  that  there  are  an  infinite  variety  of  S 
ways  in  which  the  constituent  colors  of  light  might  be  imagined  to  be  arranged  J 
which  would  equally  produce  the  phenomenon  of  the  prismatic  spectrum. 

This  problem  has,  accordingly,  been  taken  up  in  our  own  times  by  Sir  Da- 
vid Brewster,  with  all  the  advantages  which  the  increased  knowledge  and  experi- 
ence of  the  age,  and  improved  methods  of  inquiry,  could  afford.  He  has  shown,  i 
by  innumerable  experiments  on  the  transmission  of  light  through  colored  me-  | 
dia,  and  on  artificial  lights,  produced  by  combustion,  of  various  circumstances,  ' 
that  the  pure  and  elementary  simple  lights  are  one  or  otherof  the  three  J 
colors,  red,  yellow,  and  blue  ;  that  the  light  of  each  of  these  colors,  res 
ively,  is  composed  of  constituent  rays  which  are  differently  refrangible,  s( 
if  a  beam  of  any  one  of  these  lights  were  transmitted  through  a  prism,  a 
long  spectrum  would  be  produced,  of  one  uniform  color,  corresponding  to  that  7 


tt  d  h      gb  } 
fig  3  ■ 
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■of  the  light  itself     Thus  if 

a  prism  in  the  same  manner        n         ^      i        ml 
transmitted,  then  we  should     b  bl     g    p 

length  to  that  which  we  ori        Uy    b        d    b        11     : 
!   all  red,  although  the  rednes  Id  b     ar 

would  decrease  from  that  p  w    d        h 

away.     These  circumstanc     m  y  b       p  d  bj 

Let  L  M  represent  the  screen,  and  let  L  represent  the  lower  and  M  the  uj 
per  end  of  the  spectrum ;  let  N  be  the  point  at  which  the  redness  is  most  ilP 
tense,  it  will  gradually  diminish  from  N  to  M  and  from  N  to  L.  Lei  us  sup- 
pose that  we  draw  a  curved  line,  L  P'  P  P"  M,  so  that  the  lines  or  distances 
N  P',  N  P,  N  P",  &c.,  shall,  respectively,  represent  the  intensities  of  the 
light  at  the  several  points  N'  N",  &c.  Such  a  figure  will  exhibit,  geomet- 
rically, the  gradation  of  tints  from  the  point  N,  where  the  red  is  brightest,  up- 
ward and  downward  to  the  points  where  it  fades  away.  It  is  found  by  ex- 
periment that  the  point  where  it  is  brightest  is  near  the  lower  extremity  of  the 
spectrum. 

In  Uke  manner,  if  a  beam  of  pure  yellow  light  be  transmitted  through  the 
prism,  a  similar  yellow  spectrum  will  be  produced,  which  may  be  represented 
in  a  similar  manner,  the  point  of  greatest  brightness,  however,  being  alahigh- 
er  point  in  the  spectrum,  represented  in   figure  5,  by  similar  letters. 

Finally,  let  us  suppose  a  beam  of  blue  light  transmitted  through  the  prism  in 
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■.    Its  point  of  maximum  brilliancy  will  be  still  higher  than  that  of 
the  yellow,  as  represented  iQ  fig.  6. 

ffig.  6. 
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Now,  if  we  suppose  a  beam  of  while  light,  like  ihe  natural  light  of  the  sun 
which  is  composed  of  these  three  constituent  elementary  lights,  to  be  transmit- 
i  £ed  through  the  prism,  we  ought  to  expect  these  three  spectra  of  the  element' 
j  ary  colors,  red,  yellow,  and  blue,  lo  be  simultaneously  produced,  the  maximure 
J  of  each  being  at  the  place  aJready  assigned  to  it.     The  combination  of  iheae  ij 
f  represented  in  the  diagiam,  fig.  7,  and  the  tint  of  color  at  each  point  of  the 
J  spectrum  will  be  that  which  would  result  from  the  corresponding  mixture  of  coi- 
rs.    Thus  at  R  N,  where  the  red  is  most  intense,  a  portion  of  blue,  re  pre  sen  t- 
il  by  N  b,  and  of  yellow,  represented  by  N  a,  are  mixed  with  it,  and  the  re- 
l  suiting  tint  will  be  that  which  will  be  produced  by  the  mixture  ;  in  like  man- 
[  ner  at  Y  N,  where  the  yellow  is  most  intense,  a  portion  of  blue,  represented 
J  by  N  4'  and  a    portion  of  yellow,  represented  by  N*  a',  will  be  mingled 
)  with  it. 

Fig-  T. 


In  the  same  manner,  throughout  the  whole  extent  of  the  three  uniform  spec- 
ra  ihus  intermingled  the  tints  of  color  will  correspond  to  the  intensities  of  the 
j  spectra  at  the  same  point. 

In  this  manner  the  succession  of  colors  exhibited  by  the  prismatic  spectrum 

s  explained.     The  orange,  for  example,  is  only  the  intermixture  of  a  consid- 

J  erable  quantity  of  red  and  yellow,  (juajified  by  a  small  quantity  of  blifc.     The 

en,  in  the  same  manner,  is  a  mixture  of  a  considerable  quantity  of  blue  and 

)  yellow,  qualified  by  a  very  small  quantity  of  red. 

There  is  a  certain  proportion  in  which  these  three  elementary  colors  may 
J  be  mixed  together  so  as  to  produce  while.  If  any  one  of  them,  the  red,  for 
\  example,  be  jn  excess  above  this  proportion,  ihe  other  two  observing  it,  the  re- 
J  suiting  color  will  be  a  red  dihited  with  white.  If,  on  the  other  hand,  there  be 
a  deficiency  of  the  proper  proportion  of  red,  ihe  tint  will  be  green  diluted  with 
J  white,  produced  by  the  excess  of  blue  and  yellow. 

In  general,  if  we  take  the  actual  proportion  in  which  these  tliree  elementary 
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colors  are  combined,  and  assuming  that  which  is  least  intense  among  then 
combine  with  it  the  proportion  of  the  other  two,  which  is  necessary  to  produc 
white,  the  resuhing  tint  will  be  such  as  would  be  produced  by  the  balance  c 
the  remaining  colors  diluted  by  the  resulting  white. 

By  following  out  this  reasoning,  it  will  be  seen  how  the  infinite  variety  of  | 
tints  of  color  may  be  produced  by  the  simple  component  colors,  red,  yellow, 
and  blue,  existing  in  different  degrees  of  intensity. 

The  color  called  black  is  produced  by  the  absence  of  all  light,  and  is,  in  fact, 
a  name  for  absolute  darkness.  If  it  were  possible  to  find  a  substance  abso- 
lutely m  capable  of  reflecting  any  light  to  the  eye,  or  what  is  the  same,  nf  ab- 
sorbing all  the  light  which  falls  upon  it,  such  substance  would  appear  absolute- 
ly  black.  But  as  no  substance  in  nature  is,  on  the  one  hand,  capable  of  reflect-  , 
ing  all  the  light  which  falls  upon  it,  so,  on  the  otl^er  hand,  no  substance  in  na-  ' 
ture  is  capable  of  absorbing  all  the  light  that  falls  upon  it.  If  we  take  the  \ 
blackest  known  substance  and  throw  upon  it  strongly-condensed  light,  ^it  will  ; 
become  distinctly  visible  to  the  eye  by  a  small  portion  of  light  which  it  will  . 
reflect,  which  will  make  it  appear  of  a  gray  color,  or  faint  white.  It  appears,  ; 
then,  that  objects  which  are  popularly  termed  black,  are,  in  fact,  faintly  white.  ■ 
A  true  black  would  be  an  object  having  no  color  at  all. 

Experiments  made  on  finely-divided  substances  have  proved  that  there  is  no  i 
substance  absolutely  opaque.     The  most  dense  substances  known,  and  those 
that  are,  apparently,  most  impervious  to  light,  are  found,  when  cut  into  leaves 
or  filaments  sufficiently  thin,  to  be  transparent ;  but  the  light  which  goes  through  i 
them  is  always  of  a  tint  contrary  to  that  which  they  reflect.     Thus  if  an  object 
appears  to  the  eye  to  be  of  a  yellow  color,  we  know  that  the  reason  is  that  ii 
reflects  lo  the  eye  yellow  light.     What,  then,  becomes,  it  may  be  asked,  of  the  J 
red  and  the  blue  components  of  the  solar  light  which  falls    _ 
tain  a  shaving  of  the  body  sufficiently  thin,  and  look  behind  it,  we  shall  find  ( 
that  it  will  appear  of  a  color  composed  of  the  red  and  blue  ;  that  is,  it  trans- 
mits through  it  the  colors  which  it  fails  to  reflect. 

Hence  it  has  been  inferred  that  the  absorption  of  light  which  takes  place  in 
colored  bodies  is  effected,  not  immediately  on  their  surface,  but  at  some  defi- 
nite depth  within  their  dimensions,  and  that  such  portion  of  the  compound  so- 
lar light  that  falls  upon  it,  as  is  not  reflected,  passes  successively  through  la- 
mina, one  within  another,  each  of  which  absorbs  a  portion  of  it,  until,  at  length, 
it  is  altogether  lost. 

■  As  heat  is,  by  some  means  not  clearly  known  to  us,  connected  with  light,  we 
have,  in  these  circumstances,  a  clear  explanation  of  the  fact,  that  more  heat  is 
absorbed  by  bodies  of  a  dark  color  than  by  those  of  a  light  color.  In  general 
the  lighter  the  color  ihe  greater  the  proportion  is  of  the  reflected  light,  and  the 
darker  the  color. the  less  the  proportion  is.  The  greater  the  proportion  of 
light  that  is  absorbed  the  greater  will  be  the  proportion  of  the  heat  which  at- 
tends that  light..  Hence  it  follows  that,  as  dark  colors  absorb  more  heat  than 
light  ones,  and  as  black  absorbs  the  most  of  all,  dark  colors  i 
al,  warm,  and  black  the  most  so.  If  two  pieces  of  cloth  be  thrown  upon 
snow,  one  black  and  the  other  white,  the  black  will  sink  through  it,  mehing 
the  snow  under  it,  before  the  other  penetrates  into  it  perceptibly. 

Hence,  darh-colored  cloths  are  most  suitable  in  cold  weather,  and  light-col- 
ored in  warm  weather. 

After  all  that  has  been  explained,  it  will  be  scarcely  necessary  to  say  that 
the  sense  in  which  color  is  commonly  understood  to  be  a  quality  of  bodies,  is 
incorrect,  and,  strictly  speaking,  it  is  (rue,  although  it  may  sound  paradoxical 
.  to  say  that  leaves  are  not  green,  and  that  the  sky  is  not  blue.  The  green  and 
I  the  blue  colors  belong,  properly  speaking,  not  to  the  objects  whicl 
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\  the  eye  to  be  green  or  blue,  but  to  the  light  whjch  they  reflect  from  their  s 
;  faces.     A  red  object  is  one  which  reflects  red  light  and  absorbs  ali  other  c 

,  a  blue  object  one  which  reflects  blue  light  and  absorbs  other  tints,  and 
The  color  of  a  body,  then,  or  more  properly,  the  cause  which  produces  > 
S  the  color,  is  the  quality  possessed  by  its  particles  to  reflect  certain  lights  and  J 
;  absorb  others. 

That  the  color  which  seems  to  belong  to  a  body  is  not  really  inherent  in  the 
J  body,  or  inseparable  from  il,  is  proved  by  showing  that  we  can  give  any  coior 
(  that  may  be  desired  to  a  body  by  exposing  it  to  light  of  that  pecuHar  tint. 
J  Thus  if  a  piece  of  blue  cloth  be  illuminated  by  a  beam  of  pure  red  Tight,  it  J 
\  will  appear  red ;  or,  if  by  yellow  light,  it  will  appear  yellow  ;  but  neither 
J  yellow,  nor  the  red,  will  be  as  vivid  as  the  color  it  would  exhibit  if  iliuniinated  ; 
)  by  blue  light. 
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On  former  occasions  we  have  taken  a  survey  of  the  group  of  inhabited  _ 
j  which,  in  company  with  the  earth,  revolve  around  the  sun.  We  have  examined 
j  their  motions  and  estimated  their  magnitudes  and  distances.  Passing  succee- 
>  sively  from  planet  to  planet,  the  mind  has  been  oppressed  by  the  stupendous  di- 
sions  offered  to  its  contemplation.  Jupiter,  a  globe  1 ,400  times  the  bulk  of 
i  the  earth,  revolving  at  a  distance  of  five  hundred  millions  of  miles  from  the  sun  ; 
J  the  Saturnian  system,  with  its  globe  a  thousand  times  larger  than  the  earth — its 
)  system  of  revolving  rings,  and  its  suite  of  seven  moons — sweeping  round  the 
in  a  vast  orbit  at  a  distance  of  a  thousand  millions  of  miles,  and  having  a 
r  thirty  times  the  length  of  ours,  diversified  by  similar  seasons,  but  varied 
J  by  seven  different  kinds  of  months  ;  and,  finally,  having  attained  the  extreme 
J  limit  of  the  system,  the  planet  Herschel  is  found,  moving  at  such  a  distance 
J  from  the  sun  that  that  luminary  is  reduced  to  a  star,  with  moons  too  distant  to 
}  allow  of  their  number  being  satisfactorily  ascertained,  and  probably  other  illii- 
J  minating  apparatus,  the  discovery  of  which  is  reserved  to  future  observers. 
\  Such  are  the  objects,  such  the  distances,  and  such  the  motions,  here  presented 
8.  But  the  aspirations  of  the  inquisitive  spirit  of  man  rest  not  here  con- 
)  tented.  Taking  its  station  at  this  extreme  verge  of  the  system,  and  throwing 
{  its  searching  glance  toward  the  interminable  realms  of  space  which  extend  be- 
/  yond  those  limits,  it  still  asks — What  lies  there  1  Has  the  Infinite  circumscribed 
exercise  of  his  creative  power  within  the  precincts  of  the  solar  system — 
has  he  left  the  unfathomable  depths  of  space  that  stretch  beyond  it  a  wide 
S  solitude  1  Has  He  whose  dwelling  is  immensity,  and  whose  presence  is  every- 
?  where  and  eternal,  remained  inactive  throughout  regions  in  the  universe  com- 
J  pared  with  which  the  solar  system  itself  shrinks  into  a  point ' 

Even  though  scientific  research  should  have  left  us  without  definite  informa- 
ion  on  these  questions,  the  light  which  has  been  shed  on  the  Divine  character, 
(s  well  by  reason  as  by  revelation,  would  have  filled  us  with  the  ; 
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there  is  no  region  of  space  however  remote,  which  does  not  teem  with  evi- 
,  dences  of  the  exalted  power,  the  in  exhaustible  wisdom,  and  the  untiring  good- 
s  of  the  Most  High. 

lut  science  has  not  so  deserted  us.     It  has  not  failed  to  afford  us  mucli  in- 
teresting and  elevating  information  regarding  those  distant  regions  of  space. 
The  sagacity  and  activity  of  modem  astronomers  have  suppHed  us  with  much  J 
interesting  information  respecting  regions  of  the  universe  the  extent  of  which  J 
g    at  that  even  the  whole  dimensions  of  the  solar  system  supply  no  mod-  ( 

fficiently  great  to  enable  us  to  express  their  magnitude.      It  will  not,  tl 
p    titable  or  unpleasing,  on  the  present  occasion,  to  carry  our  inquiries  j 
h    e  realms  of  space  that  stretch  beyond  the  limits  of  our  own  system,  ; 

quire  into  the  condition  of  the  physical  creation  there. 
'       e  furnished  with  a  variety  of  evidence,  establishing,  incontestably,  the  i 
h     around  our  aysiem  to  a  vast  distance  on  every  side  there  exists  an  un- 
p    1  space ;  that  the  solar  system  stands  alone  in  the  midst  of  a  vast  soli- 
What  are  the  proofs  of  this  1     Newton  has  demonstrated  in  his  invest!- 
n      especting  the  law  of  gravitation,  that  all  masses  of  matter  exercise 
h  other  mutual  attraction ;  in  virtue  of  which,  the  presence  of  any  i 
he  neighborhood  of  another  is  betrayed,  even  though  we  should  not  | 
b  '  the  effects  which  it  produces  on  the  condition  and  motion  of  the  other.  . 
gr  up  of  globes  constituting  the  solar  system,  exercise  upon  each  other  ) 
nfl  ence ;  and  although,  from  the  enormous  preponderance  of  its  n 
li  the  rest,  the  sun  seems  to  annihilate  the  separate  influence  of  the  i 
J  pi  nd  satellites  upon  each  other,  yet,  "by  rigorous  examination  of  the  n 

hese  bodies,  we  are  able  to  delect  the  effects  of  their  reciprocal  inl 
The  motion  of  each  body  of  the  system  is  the  combined  result  of  the  j 
n  of  the  sun  and  the  other  bodies  of  the  system  upon  it.     A  rigorous 
Ij       of  the  motions  of  the  planets  has  exhibited  a)l  these  effects,  and  in  ( 
h        motions  we  can  distinctly  see  the  gravitating  influences  of  the  variou 
)  d         f  the  system.     Now,  if  there  exists  beyond  the  limits  of  the  systen 
I  d  w  hin  a  distance  not  so  great  as  to  render  the  attraction  of  gravitation  in 
je      p  ble,  any  mass  of  matter,  such  as  another  sun  like  our  own,  such*  mas 
ff    !d     ndoubtedly  exercise  a  gravitating  force  upon  the  various  bodies  of  th 
1       y  tem.     It  would  cause  each  of  them  to  move  in  a  manner  different  froi 
*h  vould  have  moved  if  no  such  body  existed. 

Thus  it  appears  that,  even  though  the  presence  of  a  mass  of  matter  in  oi 
leighborhood  should  escape  direct  observation,  its  presence  would  be  invarii 
j  biy  betraved  by  the  efl'ecis  which  its  gravitation  would  necessarily  produc 
\  upon  the'  planets.     No  such  effects,  however,  are  discoverable.     The  planets  S 
)  move  as  they  would  move  if  the  solar  system  were  independent  of  any  external  ( 
<  disturbing  attraction.     These  motions,  which  are  accurately  observed,  are  such,  \ 
I  and  such  only,  as  can  be  accounted  for  by  the  attraction  of  the  sun  and  the  r^ 
ciprocal  attraction  of  the  other  bodies  of  the  system.    The  inevitable  infereni 
\  from  this  is,  that  there  does  not  exist  any  mass  of  matter  in  the  neighborhood  J 
5  of  the  solar  system  within  any  distance  which  permits'  such  a  mass  to  exercisi 
j  upon  it  any  discoverable  gravitating  influence,  and  that,  if  any  body  analogou, 
to  our  sun  exists  in  the  universe,  it  must  be  placed  at  a  distance  from  our  sys 
tem  inconceivably  great— so  great,  indeed,  that  the  whole  magnitude  of  our  sys 
tem  will  shrink  into  a  point  compared  widi  it. 

But  we  have  other  indications  of  this  condition  of  things.  The  solar  systen 
is  supplied  v/i(h  feelers,  which  it  is  enabled  to  throw  out  into  the  regions  sur 
rounding  it  to  vast  distances',  and  these  are  endowed  with  the  highest  con 
ceivable  susceptibihty,  which  would  cause  them  to  betray  to  us  the  presence  ii 
these  regions  even  of  masses  of  matter  of  very  limited  dimensions.     These  J 
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]  feelers  are  the  comets,  and  in  particular  that  called  Halley's  comet.  This  body 
!  emerges  from  the  system  periodically,  and  makes  an  excursion  into  tlie  sur- 
J  rounding  regions  to  a  distance  of  little  less  than  two  thousand  millions  of  miles 
)  beyond  the  limits  of  our  system,  and  returns  at  regular  intervals  to  the  sun.  It 
'    a  body  of  extreme  levity  and  tenuity  compared  even  with  the  smallest  plan- 

>  etary  masses  ;  -it  is,  therefore,  eminently  susceptible  of  the  effects  of  gravitation 
proceeding  from  a  body  external  to  it. 

We  have  shown,  on  another  occasion,  that  when  this  body,  once  in  seventy- 
five  years,  departs  from  our  system  to  make  ils  vast  excursion  through  distant 
regions  of  space,  the  eye  of  science  pursues  it  along  its  path,  watches  its  move- 
ments, and  follows  its  course.     That  course  is  calculated  upon  the  supposiiion 
J  that  it  is  subject  to  no  attraction  through  the  entire  range  of  its  orbit  except 
5  those  of  the  sun  and  planets,  and  the  calculations  of  its  return  are  based  upon 

>  that  supposition.     The  time  and  the  place  of  each  of  its  successive  returns  lo 
r  system  have  been  foretold  on  these  suppositions  ;  and  we  have  found  that 

returns  have  corresponded  faithfully  with  such  predictions.     It  is  certain, 

4  then,  that,  in  its  range  through  space,  this  body  has  not  passed  in  the  neigh- 
\  borhood  of  any  mass  of  matter  capable  of  exercising  an  observable  attraction 

5  upon  it.  In  fact,  it  moves  exactly  as  it  would  move  if  no  material  object  exist- 
)  ed  in  the  creation  save  those  of  the  solar  system  itself.  It  follows,  therefore, 
J  that  all  other  objects  must  be  too  distant  from  our  system  lo  produce  any  dls- 
\  coverable  attraction  even  on  so  light  a  body  as  this. 

Yet  when,  on  any  clear  night,  we  contemplate  the  firmament,  and  behold  the 
J  countless  multitudes  of  objects  that  sparkle  upon  it,  and  remember  what  a  com- 
J  paratively  small  number  are  comprised  among  those  of  the  solar  system,  and 
I  even  of  these  how  few  are  visible  at  any  one  time,  we  are  naturally  impel- 
j  led  to  the  inquiry,  Where  in  tlie  universe  are  these  vast  numbers  of  objects 
J  placed  ? 

J  Very  little  reflection  and  reasoning,  applied  to  the  consideration  of  our  oifli 
i  positior.  and  to  the  appearances  of  the  heavens,  will  convince  us  that  the  ob- 
S  jects  that  chiefly  appear  in  the  firmament  must  be  at  almost  immeasurable  dia- 

ces  from  our  system.     The  earth  in  its  annual  course  round  the  sun  moves 

a  circle,  the  diameter  of  which  ia  about  two  hundred  millions  of  miles.  We, 
j  who  observe  the  heavens,  are  transported  upon  the  globe  round  that  vast  circle. 
3  station  from  which  we  observe  the  universe  at  one  period  of  the  year  is, 
!  then,  two  hundred  millions  of  miles  from  the  station  to  which  we  are  transport- 
it  another  period  of  the  year.  ■  Thus,  if  we  view  the  heavens  on  the  night 
j  of  the  1st  of  January  and  note  their  aspect,  and  view  them  again  on  the  night 
(  of  the  1st  of  July,  we  know  that  the  two  stations  from  which  we  lake  these 

o  surveys  are  separated  by  a  space  of  two  hundred  millions  of  miles. 

Now  it  is  a  fact  within  the  familiar  experience  of  every  one,  that  the  relative 
J  position  of  objects  will  depend  upon  the  point  from  which  they  are  viewed.  If 
J  we  Bland  upon  the  bank  of  a  river,  along  the  margin  of  which  a  multitude  of 
J  ships  are  stationed,  and  view  the  masts  of  the  vessels,  they  will  have  among 

>  each  other  a  certain  relative  arrangement.  If  we  change  our  position,  however, 
J  through  the  space  of  a  few  hundred  yards,  the  relative  position  of  these  masts 

>  will  not  be  the  same  as  before.  Two  which  before  lay  in  line  wUI  now  be  seen 
J  separate,  and  two  which  before  were  separated  are  now  brought  into  line.  Two, 
j  one  of  which  was  to  the  right  of  the  other,  are  now  reversed ;  that  which  was 
(  to  the  right,  is  at  the  left,  and  vice  versa ;  nor  are  these  changes  produced  by 
)  any  change  of  position  of  the  ships  themselves,  for  they  are  moored  in  slation- 
J  ary  positions.  The  changes  of  appearance  are  the  result  of  our  own  change  of 
\  position,  and  the  greater  that  change  of  position  is,  the  greater  will  be  the  rela- 
'    ■  e  change  of  these  appearances.    Let  us  suppose,  however,  Ihat  we  are  moved 
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to  a  much  greater  distance  from  the  shipping ;  a  very  slight  change  in  out  po- 
sition will  produce  much  less  effect  upon  the  relative  position  of  the  masts  ; 
perhaps  it  will  require  a  very  considerable  change  of  position  to  produce  a  per- 
ceivable change  upon  them.  In  fine,  in  proportion  as  our  distance  from  the 
masta  is  increased,  so  in  proportion  will  it  require  a  greater  change  in  our  own 
position  to  produce  the  same  apparent  change  in  the  position  of  tlie  masts. 

Thus  it  is  with  all  visible  objects.  When  a  multitude  of  stationary  objects 
are  viewed  at  a  distance,  their  relative  position  will  depend  upon  the  position  of 
the  observer,  and  if  the  station  of  the  obserfer  be  changed,  a  change  in  the 
relative  position  of  the  objects  must  be  expected  ;  and  if  no  perceptible  change 
is  produced,  it  must  be  inferred  that  the  distance  of  the  objetfl  is  incomparably 
greater  than  the  change  of  position  of  the  observer. 

I,et  tis  now  apply  these  reflections  to  the  case  of  the  earth  and  the  stars. 
The  stars  are  analogous  to  the  mast,')  of  the  ships,  and  the  earth  is  the  station  on 
which  the 'observer  is  placed,  and  which  is  changeable  in  its  position  by  reason 
of  its  annual  motion.  It  would,  doubtless,  be  expected  that  the  magnitude  of 
ihe  globe,  being  eight  thousand  miles  in  diameter,  would  produce  a  change  of 
position  of  the  obsen'er  suf&cient  to  cause  a  change  in  the  relative  position  of 
the  stars,  but  we  find  that  such  is- not  the  case.  The  stars,  viewed  from  oppo- 
site sides  of  the  globe  of  the  earth,  present  exactly  the  same  appearance  ;  we 
must,  therefore,  infer  that  the  diameter  of  the  globe  of  the  earth  is  absolutely 
nothing  compared  to  their  distance. 

But  the  astronomer  hasstill  a  much  larger  modulus  to  fall  back  upon.  He 
reflects,  as  has  been  already  observed,  that  he  is  enabled  to  view  the  stars 
from  two  stations,  separated  from  each  other,  not  by  eight  thousand  miles,  the 
I  diameter  of  the  earth,  but  by  two  hundred  millions  of  miles,  that  of  the  earth's 
'  orbit.  He,  therefore,  views  the  heavens  on  the  first  of  January,  and  views  them 
again  on  the  first  of  July,  yet  he  finds,  to  his  amazement,  that  the  aspect  is  the 
Same.  He  thinks  that  this  cannot  be— that  so  great  a  change  of  position  in 
himself  cannot  fail  to  make  some  change  in  the  apparent  position  of  the  stars  ; — 
that,  although  their  general  aspect  is  the  same,  yet  when  submitted  to  exact 
inaiion  a  change  must  assuredly  be  detected.  He  accordingly  resorts  to 
se  of  instruments  of  observation  capable  of  measuring  the  relative  posi- 
of  the  stars  with  the  last  conceivable  precision,  and  he  is  more  than  ever 
confounded  by  the  fact,  that  still  no  discoverable  change  of  position  is  found. 

For  a  long  period  of  time  this  result  seemed  inexplicable,  and,  accordingly. 
It  lormed  tlie  greatest  difficultj  with  astronomers  n  admitting  the  annual  mo- 
ol  the  earth  Ihe  alternative  ofiered  was  this  it  was  necessary,  either 
fall  back  upon  the  Ptolemaic  system  in  which  the  earth  was  stationary,  or 
suppose  that  the  immense  change  of  position  of  the  earth  in  the  course  of 
half  a  J  ear  which  we  have  already  mentioned  could  produce  no  discoverable 
change  oi  appearance  in  the  stars  a  fact  which  involves  the  inference  that  the 
diameter  ol  the  earths  orbit  which  measures  two  hundred  millions  of  miles, 
must  be  a  mere  point  compared  with  the  distance  of  the  nearest  stars.  Such 
idea  appeared  so  preposterous  ai  d  inconLeivable  that  for  a  long  period  of 
manj  prelerred  to  embrace  the  Ptolemaic  hjpothesis,  beset  as  it  was 
with  difliculties  and  contradictions 

Since  however  the  ai  nual  motion  of  the  earth  must  now  be  regarded  as  a 
provedfact  wearedri  ento  theinlerence  deduced  from  the  absence  of  allchange 
"  lUnve  apparent  position  in  the  stars  that  the  distances  of  these  objects  from 
our  system  is,  in  the  common  popular  sense  of  the  word,  infinitely  great  com- 
pared with  the  dimensions  of  our  system,  and  this  inference  is  in  perfect  ac- 
cordance with  the  other  indications  of  the  wide  vacuity  that  surrounds  the 
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In  such  a  state  of  things,  it  will  easily  be  imagined  that  astronomers  have 
diligently  directed  their  observations  to  the  discovery  of  some  change  of  appa- 
rent position,  however  small,  produced  upon  the  stars  by  the  earth's  motion.  As 
those  stars  most  likely  to  be  affected  by  the  motion  of  the  earth  are  those  which 
are  nearest  to  the  system,  and  therefore  probably  which  are  brightest  and  lar- 
gest, it  has  been  to  such  chiefly  that  this  kind  of  observation  has  been  directed. 
Since  it  was  certain,  that  if  any  observable  effect  was  produced  by  the  earth's 
motion  at  all  it  must  be  extremely  amal!,  the  nicest  and  most  difficuh  means 
of  observation  were  those  alone  from  which  the  discovery  could  be  expected. 
Among  the  many  expedients  used  for  the  detection  of  such  effects,  wo  shall  se- 
lect as  an  example  one  which  was  adopted  at  the  Royai  Observatory  at  Green- 
wich. A  telescope  of  great  length  was  attached  to  the  side  of  a  pier  of  soiid 
masonry  erected  upon  a  foundation  of  rock.  This  instrument  was-  screwed 
into  such  a  position  that  particular  stars  as  they  crossed  the  rneridian  woidd 
necessarily  pass  within  its  field  of  view.  Micrometric  wires  were  in  the  usual 
manner  placed  in  its  eye-piece,  so  that  the  exact  point  at  which  the  stars  passed 
the  meridian  each  night  could  be  observed  and  recorded  with  the  greatest  pre- 
cision. The  instrument  being  thus  fixed  and  immoveable,  the  transits  of  the  i 
stars  were  noted  each  night,  and  the  exact  places  where  they  passed  the  merid-  ' 
ian  recorded.  This  kind  of  observation  was  carried  on  through  the  year,  and 
if  the  earth's  change  of  position,  by  reason  of  its  annual  motion,  should  produce 
any  effect  upon  the  apparent  position  of  the  stars,  it  was  anticipated  that  such 
i  effect  would  be  discovered  by  these  means.  .After,  however,  making  all  aliow- 
I  ance  for  the  usual  causes  which  we  knew  to  affect  the  apparent  position  of  the 
I  stars,  such  as  refraction  or  aberration,  no  change  of  position  was  discovered 
\  which  could  be  assigned  to  the  earth's  motion, 

I  Within  the  last  few  years,  however,  Professor  Bessel  has  directed  his  scien- 
I  tific  labors  to  tliis  inquiry,  and  has  succeeded  in  detecting  a  small  effect  on  one 
I  of  the  stars  in  the  constellation  of  the  Swan.  In  a  communication,  made  in 
1838  by  that  astronomer  to  Sir  John  Herschel,  he  says  :  "  After  so  many  un- 
successful attempts  to  determine  the  parallax  of  a  fixed  star,  I  thought  it  worth 
while  to  try  what  might  be  accomplished  hji  means  of  the  accuracy  which 
my  great  Fraunhoffer  heliometer  gives  to  the  observations.  I  undertook  to 
make  this  investigation  upon  the  star  61  Cygni;  which,  by  reason  of  its  great 
proper  motion,  is  perhaps  the  best  of  all,  which  affords  the  advantage  of  being 
a  double  star,  and  on  that  account  may  be  observed  with  greater  accuracy,  and 
which  is  so  near  the  pole  that,  with  the  exception  of  a  small  part  of  the  year, 
it  can  always  be  observed  at  night  at  a  sufficient  altitude."  -    - 

These  observations  were  continued  for  four  years,  and  the  result  was  the 
discovery  that  the  position  of  the  star  in  question  was  affected  by  the  earth's 
motion  to  the  extent  of  a  little  less  than  one  third  of  a  second.  From  this  may 
be  calculated  the  distance  of  the  star  from  the  solar  system. 

To  render  intelligible  the  spirit  of  the  method  by  which  the  distance  of  the  stars 
may  be  inferred  from  their  discovered  parallax,  let  us  suppose  two  lines  drawn 
from  3  star  to  opposite  ends  of  a  diameter  of  the  earth's  orbit,  or  to  two  positions 
which  the  earth  occupies  after  an  interval  of  six  months.  The  angle  formed 
by  these  two  lines  is,  in  fact,  the  amount  of  the  apparent  change  of  position  of 
the  star  by  reason  of  the  earth's  motion,  and  it  is  technically  called  the  paratlax. 
Wo  may  iu  tliis  case  consider  the  diameter  of  the  orbit  as  a  portion  of  an  enor- 
mous circle,  the  centre  of  which  is  at  the  star,  and  the  radius  of  which  is  the 
distance  of  the  star  from  the  earth.  It  is  known,  in  geometry,  that  an  arc  of  a 
.  circle  wbich  measures  one  second  is  in  length  the  206,265th  pari  of  the  radius, 
and  if  it  measures  one  third  of  a  second,  it  will,  of  course,  be  the  618,795th 
.  part  of  the  radius. 
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Professor  Bessel  found  that  the  angle  contained  by  those  two  lines,  drawn  j 
from  the  star  in  question  to  the  opposite  sides  of  ihe  orbit,  contained  an  angle 
'.  amounting  to  two  thirds  of  a  secood,  and,  consequently,  that  the  angle  included  ■ 
by  the  lines  between  the  sun  and  the  earth  would  form  one  third  of  a  second,  i 
From  this  it  would  follow,  that  the  distance  from  the  star,  being  the  radius  of  a  ' 
circle,  of  which  the  distance  between  the  earth  and  sun  is  an  arc  of  one  third  . 
if  a  second,  will  be  61 8,795  times  the  length  of  the  earth's  distance  from  the  sun.  * 
Taking  round  numbers,  then,  it  will  follow  from  this  observation  that  the  dis-  i 
ance  of  this  star  is  600,000  times  greater  than  the  distance  of  the  earth  from  '. 
he  sun.  But  the  distance  of  the  earth  from  the  sun  being  100  millions  of  miles,  ! 
t  will  follow  that  the  distance  of  the  star  must  be  sixty  iliillions  of  millions  of  ' 

Such  is  the  nearest  approximation  that  observation  has  supplied  for  the  space 
?  that  separates  (he  solar  system  from  other  bodies  of  the  universe. 

Minds  unaccustomed  to  the  contemplation  of  great  numbers  and  magnitudes 
ire  overwhelmed  in  their  efforts  to  conceive  such  distances ;  and  even  astron- 
>mers  have  been  compelled  to  resort  to  eMraordinary  expedients  to  express  and  J 
/  conceive  clearly  such  spaces, 

J       On  another  occasion  we  have  shown  that  light  moves  through  spaci 
{  the  rate  of  200,000  miles  per  second.     This  motion  of  light  has  accordingly  \ 
n  adopted  as  the  most  convenient  modulus  for  expressing  the  distances  of  f 
s  a  s     and  we  are  accustomed  to  express  them  by  saying  how  long  light 
i  would   take   to   move    over  them.      If,  then,  sixty  millions   of  millions  of 
s     e  divided  by  200,000  we  shall  obtain  the  number  of  seconds  which 
J  1  gh      ouJd  take  to  come  from  the  nearest  star  to  the  solar  system ;  and  if  this 
mbe    of  seconds  be,  in  ihe  usual  manner,  reduced  to  years,  it  will  be  found 
ha  1  gh  would  take  about  ten  years  to  travel  from  the  nearest  star  to  the 
h      Such  is,  then,  the  apace  thak  divides  us  from  them, 
'o  conceive  this  prodigious  distance  more  clearly  still,  it  has  been  calcula- 
ted that  a  cannon-ball,  which  moves  with  a  velocity  of  500  miles  an  hour, 
would  take  lo  travel  from  the  nearest  star  to 'the  earth,  an  interval  of  14,355,418 
years.     Again  :  it  has  been  computed  that  a  steam-carriage  starting  from  the 
earth,  and  moving  toward  the  slar  at  the  rale  of  20  mites  an  hour,  would  take 
to  reach  the  star,  356,385,466  years;  a  period  of  lime  61,000  times  greater 
than  the  whole  interval  since  the  creation  of  the  world,  according  to  Mosaic 
chronology. 

But  this  is  only  the  interval  that  separates  our  system  from  the  nearest  stars. 
Analogy  and  all  the  grounds  of  probability  lead  to  the  conclusion  that  corre- 
sponding intervals  separate  the  stars  from  each  other.  We  shall  hereafter  see 
tha  he  sta  s  a  e  in  fact,  suns  like  our  own,  or,  what  is  the  same,  that  our  sim 
is  a  s  a  and  s  consistent  and  natural  to  suppose  our  sun  is  no  farther 
mo    d  t  om  he  s  ars  than  the  stars  are  from  each  other, 

Amo  he  n  uititude  of  alars  which  we  behold  in  the  firmament  we 
a  grea  a  e  y  of  splendor.  Those  which  are  the  brightest  and  largest,  and 
wh  I  a  e  sa  d  o  be  of  the  ^rst  magnitude,  are  few ;  the  next  in  order  of 
bngh  nes  vh  h  are  called  of  the  second  magnitude,  are  more  numerous  ;  and 
IS  they  decrease  in  brightness  their  number  rapidly  increases. 

The  number  of  stars  of  the  first  magnitude  does  not  exceed  twenty ;  those  of 
he  second,  fifty ;  those  of  the  third,  two  hundred ;  and  so  on,  the  number  of  , 
the  smiliest  being  incapable  of  estimation. 

The  stars  which  are  capable  of  being  seen  by  the  naked  eye  are  usually  n 
solved  into  seven  orders  of  magnitudes — the  first  being  the  brightest  and  largest, 
while  those  of  the  seventh  magnitude  are  the  smallest  that  the  eye  can  '' 
dnctly  see. 
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.re  we  lo  suppose,  ihen  tt  at  th  s  rel  I    6  br  ghtnesa  which  we  perceive 

\  really  atises  from  any  diiFere  ce  of  inlnn?  c  iple   lor  between  the  objects  them- 

1  selves,  or  does  it,  as  it  ma)  equallj  do  ar  si,  iro  i  the  r  diiTerence  of  distance  ? 

Are  the  stars  of  the  seventh  n  agn  ude  so  m  ch  less  bnght  and  conspicuous 

)  than  those  of  the  first  mag    tude  because  ihey  are  really  smaller  orbs  placed 

le  same  distance,  or  beca  se  being  inir  nsically  eq  al  in  splendor,  the  dis- 

;e  of  those  of  the  seventh  nagnitude  is  so  much  greater  than  the  distance 

)  of  those  of  the  first  magn  tude  that  they  are  diminished  in  their  apparent 

J  brightness  ?     We  know  thdt  by  tl  e  laws  of  optics  the  br  ghtness  of  a  luminous 

\  object  diminishes  in  a  very  rap  d  proport  on  is  the  d  stance  increases.     Thus 

It  double  the  distance  the  brightness  will  be  iour  times  less,  at -triple  the  dis- 

ance  it  will  be  nine  times  less,  at  a  hundred  times  the  distance  it  will  be  ten 

/  thousand  limes  less,  and  bo  on. 

t  ia  evident,  then,  that  the  great  variety  of  brightness  which  prevails  among  the 
s  may  be  indifferently  explained,  either  by  supposing  them  objects  of  differ- 
intrinsic  brightness  and  magnitude,  placed  at  the  same  distance,  or  objects 
J  generally  of  the  same  order  of  magnitude  placed  at  a  great  diversity  of  distances. 
Of  these  two  suppositions,  the  latter  is  infinitely  the  most  probable  and  nat- 
iral ;  it  has,  therefore,  been  usually  adopted ;  and  we  accordingly  consider  the 
I  stars  to  derive  their  variety  of  brightness  almost  entirely  from  the  positions 
issigned  to  them  in  the  universe  being  at  various  distances  from  us. 
Taking  the  stars  generally  to  be  intrinsically  the  same  in  brightness,  various  j 
J  theories  have  been  proposed  as  to  the  positions  which  would  explain  theit  ap-  j 
I  pearances  ;  and  the  most  natural  and  probable  is,  that  their  distances  from  each 
J  other  are  generally  equal,  or  nearly  so,  and  correspond  with  the  distance  of  our 
n  from  the  nearest  of  them.    In  this  way  the  fact  that  a  small  number  of  stars 
j  only  appear  of  the  first  magnitude,  and  that  the  number  increases  very  rapidly 
E  as  the  magnitude  diminishes,  is  easily  rendered  intelligible. 

^f  we  imagine  a  person  standing  in  the  midst  of  a  wood,  surrounded  by  trees 
(  on  every  side  and  at  every  distance,  those  which  immediately  surround  him 
5  will  be  few  in  number,  and  by  proximity  will  appear  large.  The  trunks  or 
nps  of  those  which  occupy  a  circuit  beyond  the  former  will  be  more  nu- 
■ous,  the  circuit  being  wider,  and  will  appear  smaller,  because  their  dis- 
J  tauce  is  greater.  Beyond  these  again,  occupying  a  still  wider  circuit,  will  ap- 
j  pear  a  proportionally  augmented  number,  whose  apparent  magnitude  will  again 

<  be  diminished  by  increased  distance ;  and  thus  the  trees  which  occupy  wider 
)  and  wider  circuits  ai  greater  and  greater  distances  will  be  more  and  more  nu- 
i  merous,  and  will  appear  continually  smaller.  It  is  the  same  with  the  stars ; 
)  we  are  placed  in  the  midst  of  an  immense  cluster  of  suns  surrounding  us  on 
(  every  side  at  inconceivable  distances.  Those  few  which  ate  placed  immedi- 
ately about  our  system  appear  bright  and  large,  and  we  call  them  stars  of  the 

(  first  magnitude.  Those  which  lie  in  the  circuit  beyond,  and  occupying  a 
vider  range,  are  more  numerous  and  less  bright ;  and  we  call  them  stars  of  the 
lecond  magnitude.     And  there  is  thus  a  progression  increasing  in  number  and 

J  distance  and  diminishing  in  brightness,  until  we  attain  a  distance  so  great  that 
he  slara  are  barely  visible  lo  the  naked  eye.  This  is  the  limit  of  vision.  It 
8  the  range  of  the  universe  which  the  eye  in  its  natui^l  condition  is  destined 
o  behold ;  but  an  eye  has  been  given  us  more  potent  still,  and  of  infinitely 

I  wider  range, — the  eye  of  the  mind.     The  telescope,  a  creature  of  the  under- 

<  standing,  has  conferred  upon  the  bodily  eye  an  infinitely  augmented  range,  and, 
we  shall  presently  see,  has  enabled  us  to  penetrate  into  realms  of  ^e 

5  universe,  which,  without  its  aid,  wotdd  never  have  been  known  to  us.     But 
us  pause  for  the  present  and  dwell  for  a  moment  upon  that  range  of  spaca 
J  which  comes  within  the  scope  of  natural  vision. 
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iir  William  Herschel,  to  whose  researches  we  are  indebted  for  a  large  por- 
of  the  knowledge  which  we  possess  respecting  the  fixed  stars,  has  inves- 
!  tigated  the  probable  progression  of  distances  which  regulate  the  stars  visible 
f  to  the  naked  eye,  and  has  shown  reasonable  grounds  tor  concluding  that  the  ? 
>  smallest  visible  star  is  at  a  distance  about  twelve  times  greater  than  stars  of  J 
(  the  first  magnitude.     He  supposes  that  the  intermediate  stars  between  the  j 
S  smallest  that  can  be  seen  by  (he  naked  eye,  and  stars  like  the  dogstar,  which, 
j  from  their  brightness,  must  be  presumed  to  be  nearest  to  us,  are  ranged  at  in- 
i  termediate  distances.     It  would  therefore  follow  that  if  we  assume  the  distance  j 
(  of  the  nearest  star  according  to  the  results  of  Bessel's  observations,  to  be  a 
,ee  that  light  would  move  over  it  in  10  years,  the  distance  of  the  smallest 
r  perceivable  by  unassisted  vision  must  be  such  that  light  would  take  120  ( 
J  years  to  move  over !     If,  then,  we  imagine  a  sphere  surrounding  us,  the  radiu 
)  of  which  is  equal  to  the  space  that  light  moves  over  in  120  years,  that  spher 
)  is  the  range  of  natural  and  unassisted  vision,  and  is  that  portion  of  the  univers 
j  which  men  are  privileged  to  contemplate  unaided  by  art. 


The  extent  of  llie  stellar  nniverse  visible  to  the  naked  eye,  and  the  arrange- 
nent  of  stars  in  it  and  their  relative  distances,  have  just  been  explained.     But  a 
J  natural  curiosity  will  be  awakened  to  discover  not  merely  the  position  and  ar- 
J  rangemenl  of  those  bodies,  but  to  ascertain  what  is  their  nature,  and  what  parts  i 
j  they  play  on  the  great  theatre  of  creation  ?     Are  they  analogous  to  our  plane^  ■ " 
\  Are  they  inhabited  globes,  warmed  and  illuminated  by  neighboring  suns  1 
m  the  other  hand,  are  they  themselves  suns,  dispensing  light  and  life  to  s 
ems  of  surrounding  worlds. 
When  a  telescope  is  directed  to  a  star,  the  effect  produced  is  strikingly  dif-  ! 
5  ferent  from  that  which  we  find  when  it  is  apphed  to  a  planet.     A  planet,  to  i 
\  the  naked  eye,  with  one  or  two  exceptions,  appears  like  a  common  star.     The  J 
\  telescope,  however,  immediately  presents  it  to  us  with  a  distinct  circular  disk  I 
i  similar  to  that  which  the  moon  ofi'ers  to  the  naked  eye,  and  in  the  case  of  some  ) 
(  of  the  planets  a  powerful  telescope  will  render  them  apparently  even  larger  than  J 
ihe  moon.     But  the  effect  is  very  different  indeed  when  the  same  instrumen 
is  directed  even  to  the  brightest  star.     We  find  that  instead  of  magnifying,  i 
actually  diminishes.     There  is  an  optical  illusion  produced,  when  we  behold  \ 
\  a  star,  which  makes  it  appear  to  us  to  be  surrounded  with  a  radiation  which  I 
;auses  it  to  be  represented  when  drawn  on  paper,  by  a  dot  with  rays  diverging  ) 
in  every  side  from  it.     The  effect  of  the  telescope  is  to  cut  off  this  radiation, 
md  present  to  us  the  star  as  a  mere  lucid  point,  having  no  s^sible  magnitude  ; 
lor  can  any  augmented  telescopic  power  which  has  yet  been  resorted  to  pro- 
S  duce  any  other  effect.     Telescopic  powers  amounting  to  six  thousand  were 
{  occasionally  used  by  Sir  William  Herschel,  and  he  stated  that  with  these  the  J 
j  apparent  magnitude  of  the  stars  seemed  less,  if  possible,  than  with  lower  } 
J  powers. .  5 

I  We  have  other  proofs  of  the  fact  that  the  stars  have  no  sensible  disks,  among  ) 
[  which  may  be  mentioned  the  remarkable  effect  called  the  occultation  of  a  star  by  s 
)  the  dark  edge  of  the  moon.  When  the  moon  is  a  crescent  or  in  the  quarters,  as  ? 
j  it  moves  over  the  firmament,  its  dark  edge  successively  approaches  to  or  recedes  S 
1  from  the  stars.  And  from  time  lo  time  it  happens  that  it  passes  between  the  j 
(  stars  and  the  eye.  If  a  star  had  a  sensible  disk  in  this  case,  the  edge  of  the  j 
)  moon  would  gradually  cover  it,  and  the  star,  instead  of  being  instantaneously  ) 
I  extinguished,  would  gradually  disappear.  This  is  found  not  to  be  the  case ; 
'     star  preserves  all  its  lustre  until  the  moment  it  comes  into  contact  with  the 
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dark  edge  of  the  moon's  disk,  and  ihen  it  is  instantly  extinguished,  without  the  ; 
slightest  appearance  of  diminuiion  of  its  brightness.     This  effect  also  presents 
a  striking  proof  of  the  non-existence  of  an  atmosphere  round  the  moon. 

It  may  be  asked  then,  if  such  be  the  case,  if  none  of  the  stars,  great  or  small, 
have  any  discoverable  magnitude  at  all ;  with  what  meaning  can  we  speak  of  ) 
stars  of  the  first,  second,  or  other  orders  of  magnitude  ?     The  term  magnitude 
thus  applied,  was  used  before  the  invention  of  the  telescope,  when  the  stars, 
having  been  observed  only  with  the  naked  eye,  were  really  supposed  to  have  J 
different  magnitudes.     We  must  accept   the    term  now  used  to  express  not 
the   comparative   magnitude,   but   the   comparative  brightness   of  the    stars. 
Thus  a  star  of  the  first  magnitude,  means  of  the  greatest  apparent  brightness  ; 
a  star  of  the  second  magnitude  means  that  which  is  in  the  next  degree  of 
splendor,  and  so^on.     But  what  are  we  to  infer  from  this  singular  fact,  that  no 
magnifying  pow«r,  however  great,  will  exhibit  to  us  a  star  with  any  sensible 
magnitude  ?  must  we  admit  that  the  optical  instrument  loses  its  magnifying  j 
power  when  applied  to  the  stars,  while  it  retains  it  with  every  other  visible  ', 
object  t     Such  a  consequence  would  be  eminently  absurd.     We  are  therefore  J 
driven  to  an  inference  regarding  the  magnitude  of  stars  as  astonishing  and  al- 
incredible  as  that  which  was  forced  upon  us  respecting  their  dist. 
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magnitude  of  the  annual  orbit  of  the  earth,  stupen- 
rapared  to  tho  distance  of  one  of  those  bodies,  and 
;re  filled  by  a  sun  whose  magnitude  would  there- 
i  that  of  ours,  such  a  sun  would  not  appear  to  an 

of  greater  magnitude  than  one  third  of  a  second ; 

0  magnitude  sensible  to  the  eye,  and  would  appear 

1  observer  at  the  star !     We  are  then  prepared  for 
e  fixed  stars  which  the  telescopic  observations  al- 

The  telescope  of  Sir  William  Herschel,  to  which 
X  thousand,  did  undoubtedly  magnify  the  stars  six 
then  their  apparent  magnitude  was  inappreciable. 
t  the  distance  of  these  wonderful  bodies  is  so  enor- 
mous compared  with  their  actual  magnitude,  that  their  apparent  diameter,  seen 
from  our  system,  is  above  six  thousand  times  less  than  any  which  the  eye  is 
capable  of  perceiving. 

Under  such  circumstances  it  might  appear  hopeless  to  attempt  to  discover 
the  probable  magnitude  and  brightness  of  the  stars  as  compared  with  any  stand- 
ard known  to  us.  Yet  this  problem,  however  hopeless  it  may  seem,  has 
yielded  to  the  ardor  of  astronomical  inquiry. 

Dr.  Woliaslon  instituted  a  series  of  observations  and  calculations,  which 
terminated  in  an  estimate  of  the  magnitude  and  brightness  of  the  fixed  stars  as 
compared  with  our  sun. 

There  are  optical  instruments  called  photometers,  the  use  and  application  of 
i  which  ■    ■  ■      '  .■.-..  .-  ■     -  „ 

J  they  afford. 

J  should  be  er 

?  to  give  light 

By 


!   comparative   brightness   of  luminous   objects.      By 

a  take  any  two  visible  luminous  objects  and  compare 

o  be  enabled  to  say  what  is  the  numerical  ratio  of  the  lights  which 

Thus  a  common  candle  and  a  gas-lamp  may  be  tried,  and  we 

labled  immediately  lo  say  how  many  candles  would  be  necessary 

to  that  of  ihe  lamp. 

of  this  species  Dr.  Wollaston  prosecuted  investigations,  the 
J  object  of  which  was  to  ascertain  the  numerical  proportion  between  the  light 
J  afforded  by  the  sun  and  that  afforded  by  the  stars.  Let  us  take,  for  example, 
ise  of  Sirius,  or  the  dogstar.  He  found  by  such  means,  that  the  light 
^ed  by  us  from  Sirius  was  20,000,000,000  of  limes  less  ihan  that  received 
)  from  the  sun.     This,  be  it  observed,  was  a  result  not  of  theory  or  speculation, 
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\  but  of  immediate  observation  and  measurement.     Having  ascertained /tbis,  his  ? 

:t  object  was  to  compute  the  distance  to  which  our  sun  would  have  to  be 
5  removed  in  order  that  it  should  assume  an  appearance  like  that  of  the  dogstar 
)  Although  this  might  at  the  first  view  appear  a  difficult  problem,  it  was  by  iii 
ins  so.  We  know  by  ihe  principles  of  optics,  that  if  the  sun  were  reraovei 
«ice  its  present  distance  it  splendor  would  be  four  times  less  ;  at  three  times  i 
(resent  distance  it  would  be  nine  times  less ;  at  ten  times  the  distance  it  ^ 
(  would  be  one  hundred  limes  less,  and  so  on. 

We  h«ve,  therefore,  a  simple  arithmetical  rule  of  calculation,  by  the  applic 
J  tion  of  which  we  can  say  in  what  proportion  the  brightness  of  the  sun  would  J 
reduced  by  any  proposed  increase  of  distance,  or  what  increase  of  distance  ( 
J  would  be  necessary  to  produce  any  proposed  diminution  of  brightness.  If  this  J 
J  rule  be  applied  lo  determine  how  much  further  the  sun  should  be  removed  fro, 

ban  it  now  is,  in  order  that  it  should  be  reduced  to  the  appearance  of  the  J 
star,  it  will  be  found  that  the  requ  f  d  w     Id  '      ' 

\  proportion  of  about  150,000  lo  1.     If,  h        h  d       3 

times  its  present  distance  it  would  be  by  d  d  g 

Now  it  will  be  apparent,  that  if  we  h  d  k     w  h      h    d 

at  a  distance  of  150,000  times  greater  h       h       f    h  w  uld 

ately  follow  that  the  dogstar  must  be  q    I  b 

(  would  be  inferred  that  the  sun,  if  plac  d     h        h     d  Id  1 

\  actly  the  same  splendor  and  magnitud 

j       But  if,  on  the  other  hand,  we  had  k     w  h      h         Id 

?  the  dogstar  is  greater  than  150,000  lim      1        f   h  h 

J  that  the  dogstar  at  a  greater  distance  w    Id  h        1        m      pi 

.  less  distance ;  and,  consequently,  h  bl        f 

i  the  dogstar  rausl  be  larger  and  more  spl     d  d  h       h 
{       The  discovery  of  Bessel  having  led         h  1  h       ti     cl 

>  the  nearest  stars  is  at  least  600,000     m      gr  hi         f    1 
J  /ollows  that  these  objects,  at  that  dist                       i    g        d  b   gh 
I  would  be  at  a  distance  four  times  les        lb     b      g    dm      d        m 
J  follows  that  the  stars,  or  at  least  many    f  h      ,           b      j 
}  greater  and  brighter  thaa  the  svn. 
\       At  the  time  of  the  observations  of  Dr.  Wollas 
j  distances  of  the  stars  were  as  great  as  they  a 
J  Wollaston,  adopting  a  much  less  distance  than  the  truth,  felt  himself  warra 

'n  the  inference  that  the  dogstar  must  be  a  sun  equal  at  least  to  fourlec 
lurs.    Had  he  known  what  has  since  been  inferred  from  the  observations  of  Pro-  \ 
\  fessoT  Bessel,  how  much  more  stupendous  would  he  not  have  inferred  the  stars 
be! 

But  still,  it  may  be  asked,  what  are  those  wondrous  objects  ?  Are  they  plan- 
3  shining  with  reflected  light  ?  or  are  they  themselves  native  fountains  of 
/  light,  like  our  sun  ?  It  is  easy  lo  perceive  that  no  reflected  light  could  be  in- 
5  tense  enough  to  be  visible  at  distances  so  enormous  ;  independent  of  which, 
S  the  splendor  of  the  stars  as  seen  through  powerful  telescopes  is  such  as  to  sat- 
)  isfy  us  that  they  must  be  suns.     Sir  William  Herschel  stated  that  when  his 

>  great  telescope  waS'  directed  lo  the  region  of  the  heavens  througll  which  the  J 
J  star  Sirius  passed,  the  appearance  exhibited  on  the  approach  of  that  star  n 
J  like  that  of  the  eastern  firmament  on  the  approach  of  sunrise  ;  and  that  when  the  J 

rious  object  itself  entered  the  field  of  view,  although  it  appeared  as  a  n 
)  lucid  point,  having  no  sensible  magnitude,  its  light  was  so  overpowering 
J  he  was  compelled  to  protect  his  eye  with  a  colored  glass.     It  is  needles 
j  say  that  such  splendor  could  not  proceed  from  an  opaque  globe  shining  with  J 
J  borrowed  light  at  a  distance  of  sixty  millions  of  millions  of  miles. 


w  1 1  follow ; 

1  he  sun  \ 

uld  be  that  ) 
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To  persons  not  familiar  with  optical  researches  it  may  appear  incompreheii 
sible  that  a  star  presenting,  even  with  the  telescope,  no  disk  of  sensible  mag-  ! 
nitude,  could,  nevertheless,  appear  so  splendid.     There  is,  however*  a  law  of  J 
light,  clearly  established  in  optics,  which  will  probably  remove  this  difficulty.  ( 
It  is  demonstrated  that  the  apparent  brightness  of  an  object  is  not  diminished  ) 
by  its  removal  from  the  eye,  although  the  quantity  of  light  which  it  gives  is 
decreased  in  a  high  proportion.     This  statement  may  appear  at  first  paradoxi- 
cal ;  let  us,  however  explwn  it. 

If  lie  sun,  for  example,  were  removed  to  twice  ils  present  distance  it  would  J 
appear  to  the  eye  with  half  its  present  diameter ;  yet,  in  its  diminished  size,  i 
the  apparent  brightness  of  its  surface  would  be  the  same  as  that  with  which  ! 
we  behold  it  at  the  lesser  distance.     To  illnstrate  this,  let  us  suppose  that  a 
small  circular  opening  is  made  in  a  card,  and  that  the  card  is  presented  to  the 
sun,  so  that  a  portion  of  the  sun's  disk  only  shall  be  seen  through  it,  but  that  I 
that  portion  shall  be  circular ;  the  opening  will  present  to  the  eye  the  appear-  j 
ance  of  a  sun  of  less  magnitude  than  the  real  one,  but  of  equal  brightness.   Let  J 
the  card  then  be  held  at  such  a  distance  from  the  eye  that  the  circular  portion  j 
of  the  sun's  disk  visible  through  it  shall  have  a  diameter  equal  to  half  of  the  ( 
entire  disk.     A  sun  will  thus  be  seen  of  equal  brightness  with  tfee  true  sun, 
but  of  only  half  the  linear  diameter,  and  one  fourth  the  superficial  magnitude. 

From  this  illustration  it  will  be  easily  perceived  that  on^  object  may  be  5 
smaller  than  another  in  apparent  magnitude,  and  that  it  may  give  less  light,  ^ 
but,  nevertheless,  be  equally  bright. 

This  being  clearly  understood,  it  lemaina  to  be  shown,  that  if  the  sun  were 
removed  to  double  its  present  distance  it  would'  exhibit  a  surface  to  the  eye  as  , 
bright,  though  only  half  of  the  diameter.     To  comprehend  this,  let  it  be  re- 
membered that  the  light  which  proceeds  from  the  smaller  sun  seen  from  double  ) 
the  distance,  issues  from  the  entire  surface  of  the  sun,  while  the  light  which  J 
would  proceed  from  an  equal  portion  of  the  sun's  disk  seen  at  its  present  dis- 
tance, would  only  proceed  from  one  fourth  of  the  entire  area  of  the  disk.    The 
actual  quantity  of  light,  therefore,  which  issues  from  the  small  sun,  seen  from  the  ) 
larger  distance,  is  greater,  in  the  proportion  of  4  to  l.than  that  which  proceeds  J 
from  the  small  portion  of  the  larger  sun,  seen  at  the  lesser  distance.     It  fol- 
lows, then,  that  the  actual  quantity  of  light  by  which  the  object  is  rendered  visi- 
ble at  the  greater  distance,  is  four  times  more  than  that  by  which  the  equivalent 
part  of  the  nearer  object  is  rendered  visible  at  the  lesser  distance,;  but  in  con- 
sequence of  the  distance  being  less  in  the  latter  case,  the  intensity  of  the  les- 
ser quantity  of  light  is  four  times  greater.     In  short,  it  follows  that  as  the  ob- 
ject recedes  from  the  eye  the  quantity  of  light  which  proceeds  from  a  given  por- 
tion of  the  visual  area  is  increased  in  the  same  proportion  as  the  square  of  the  ) 
distance,  while  the  intensity  of  the  light  is  diminished  in  exactly  the  same  pro-  t 
portion.     What  is,  therefore,  lost  in  intensity  by  increased  distance,  is  gained  ) 
in  quantity ;  and  the  effect  is,  that  the  splendor  of  the  object  is  not  changed  by  ( 
distance,  but  only  ils  apparent  magnitude. 

The  apparent  diameter  of  the  sun  is  very  nearly  2,000  seconds  of  a  degree. 
If  it  were  removed  to  2,000  times  its  present  distance  it  would  present  a  diam- 
eter of  one  second ;  but  it  would  appear  as  bright  as  a  small  portion  of  the  j 
present  disk  would  appear  having  an  apparent  diameter  2,000  times  less  than  it 
present  apparent  diameter ;  or  if  a  pin-hole  be  made  in  a  card,  and  a  portion  of  th 
sun  seen  through  it,  wKict  would  subtend  to  the  eye  at  an  angle  of  one  seconc 
the  appearance  of  such  portion  would  be,  as  to  brightness  as  well  as  to  magni 
tude,  that  which  the  sun  would  have  at  2,000  times  its  present  distance. 

Since,  then,  the  brightness  of  the  stars,  in  the  proper  sense  of  the  term  J 
brightness,  is  not  diminished  by  increased  distance,  we  shall  be  the  less  i 
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THE  VI8IBLB  BTAES. 

prised  at  iheit  being  visible,  notwithstanding  that  they  j)iesent  no  sensible  disk 
even  wben  magnified  by  ihe  most  powerful  telescope. 

It  may  again  be  asked  hotv  it  can  be  said  tbat  tbe., brightness  of  a  star  is 
not  diminished  by  distance,  wben  it  is  maintained  tbat  the  splendor  of  the  dog- 
star  compared  with  one  of  the,peventh  magnitude,  is  owing  to  the  greatness  of 
the  distance  of  the  latter.  To  this  we  reply,  according  to  the  proper  term 
brightness  the  dogstar  ia  not  brighter  than  an  equal  star  of  the  sevenA  magni- 
tude. It  is  a  more  splendid  object  as  viewed  by  the  eye,  because  it  transmits 
more  light  to  the  eye,  but  its  intrinsic  splendor  may  be  the  siime.  The  sun  as 
,Been  from  the  earth  and  as  seen  from  the  planet  Herscbel,  has  the  same  in- 
trinsic brightness,  but  its  apparent  magnitude  at  Herschel  300  times  less. 
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Water-spouts  apparently  consist  of  dense  masses  of  aqueous  vapor,  pre- 
)  senting,  often  a  gyratory  and  progressive  motion,  and  resembling  in  form  a  con- 
J  icai  cloud,  ihe  base  of  which  is  presented  upward,  and  the  vertex  of  which  j 
}  gisneraily  rests  upon  the  ground,  but  sometimes  assumes  the  contrary  position. 
,  This  phenomenon  is  attended  with  a  sound  like  that  of  a  wagon  rolling  upon  J 
.'rough  pavement.  ) 

Violent  mechanical  effects  sometimes  attend  these  meteors.     Large  trees  torn  ( 
j  up  by  the  roots,  stripped  of  their  leaves,  and  exhibiting  all  the  appearances 
t  having  been  struck  by  lightning,  are  projected  to  great  distances.     Houses  a 
{  often  thrown  down,  unroofed,  and  otherwise  injured  or  destroyed,  when  they  S 
lie  in  the  course  of  a  water-spout.     Rain,  hail,  and  frequently  globes  of  fire, 
like  the  ball-lightning  already  mentioned,  accompany  these  meteors,  which  are 
I  manifested  equally  at  sea  and  on  land. 

}       Although  the  electrical  effects  which  attend  this  meteor  prove  that  it  is  close- 
j  !y  connected  with  atmospheric  electricity,  yet,  as  no  theory  has  hitherto  been  j 
which  affords  a  satisfactory  and  adequate  explanation  of  the  phen 
the  more  necessary  to  state,  with  as  much  clearness  and  precisio 
5  possible,  independently  of  all  hypotheses,  the  exact  circumstances  which  have  S 
J  been  found  to  attend  them  in  the  various  parts  of  the  globe  where  they  have  J 
J  beeh  observed.     They  are  called  water-spouts  or  !and-spouis,  according  as  they  ) 
j  take  place  over  the  surface  of  the  water  or  the  land. 

In  the  history  of  the  Academy  of  Sciences  is  the  following  narrative  : — 
"  On  the  2d  of  November,  1729,  about  8  o'clock  in  the  morning,  at  Montpellie 
a  small  and  very  obscure  cloud  was  seen,  in  a  very  elevated  position,  in  the  di-  i 
reclion  of  the  southeast,  whence  the  wind  then  blew.     It  advanced  toward  J 
the  town  with  a  noise  at  first  low,  but  which  augmented  as  it  approached :  / 
5  it  gradually  descended  toward  the  ground,  and  a  light  was  perceived  to  issue 
?  from  it,  like  that  which  accompanies  the  smoke  of  a  great  fire.     After  the  pas- 
e  of  this  cloud,  a  strong  odor  of  sulphur  was  perceived,  like  that  which  is 
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diffused  in  places  that  have  been  struck  by  lightning.  This  cloud  had  a  very  J 
rapid  motion,  and  formed  round  it  a  whirlwind,  which  extended  to  a  distance  ) 
of  above  a  hundred  yards  round,  the  force  of  which  was  so  prodigious  that  it  J 
tore  up  trees  by  the  roots,  carried  away  the  roofs  of  houses,  overturned  build-  \ 
ings,  and  scattered  their  ruins  to  a  distance  of  nearly  500  yards.  After  having  J 
moved  along  half  a  league,  with  a  width  of  above  200  yards,  it  was  dissipated, 
followed  by  heaiy  lain,  but  not  accompanied  by  thunder  or  lightning." 

In  the  Journal  de  Physique  for  November,  1780,  is  the  following  description  ! 
of  one  oj  tliese  meteors,  which  took  place  at  five  o'clock  in  the  evenir 
Carcassonne ; — 

"  This  meteor  originaled  upon  the  borders  of  the  Ande.     It  commenced  by  J 
pouring  down  a  great  quantity  of  water ;  it  then  projected  upward,  to  a  great  ) 
height,  quantities  of  sand.     It  unroofed  eighty  bouses,  and  scattered  o 
country  the  sheaves  of  corn  which  *it  carried  away.     It  lore  up  by  ihe  roots  \ 
large  oaks,  and  transported  to  a  distance  of  fifty  yards  their  branches,  project- 
ing them  in  a  direction  contrary  to  that  of  its  own  motion.     It  broke  the  doors, 
windows,  and  furniture  of  a  chateau ;  it  destroyed  the  pavement  in  the  middle  S 
of  a  room,  without  deranging  china  cups  which  were  placed  there ;  it  broke  j 
the  frame  of  a  looking-glass  which  was  placed  upon  a  chimney-piece,  and  scat- 
tered the  fragments  upon  the  chairs  of  the  room,  leaving  the  glass,  however,  i*i 
its  place  uninjured," 

III  the  Memoirs  of  the  Academy  of  Toulouse,  vol.  v.,  is  the  foHowing  desciip- 
lion  of  a  land-spout,  which,  on  the  15lh  of  June,  1785,  devastated  the  neigh- 
borhood of  Esclades,  about  four  leagues  from  Narbonne  : — 

"  The  night  before  this  terrible  visitation  was  very  fine,  the  sun  rose  unob-  J 
scured  by  a  single  cloud,  and  the  morning  air  was  calm  and  pure.     At  haJf-p 
six  o'clock  the  heat  became  very  great,  and  continued  to  increase  till  sev 
o'clock,  when  it  was  excessive.     At  that  time  there  appeared  in  the  west  a  sm 
cloud,  which,  gradually  augmenting,  extended  in  an  hour  over  the  whole  hori-  \ 
zon.     The  thermometer  of  Reaumur  stood  at  29°,*  and  the  barometer  a 
inches.     There  was  a  light  wind  from  the  west.     Such  being  the  stale  of  the  5 
atmosphere  at  two  o'clock  in  the  afternoon,  a  kind  of  smoky  and  blustering  ( 

gruyani/;)  column  was  formed-in  the  west,  which  passed  between  Esclades  a  ' 
ont  Brun.  In  its  course  it  swept  away  earth  and  sand,  tore  up  trees,  a 
ravaged  everything  which  came  before  it.  This  lasted  for  about  five  minuH 
At  about  five  miles  from  Esclades  it  became  stationary  for  about  five  minuti 
after  which  it  returned  upon  its  steps  :  the  noise  which  it  made  resembled  the  S 
continual  roaring  of  thunder.  It  burst  upon  Esclades  in  a  terrific  shower  of  j 
hail.  This  hail  was  succeeded  by  a  rain  so  abundant  that  the  coumry  n 
undated.  During  this  shower,  which  lasted  three  quarters  of  an  hour,  lightning  J 
fell  in  several  places^     The  thermometer  rose  to  32". t 

"  The  barometer  rose  a  quarter  of  an  inch,  and  the  wind  was  very  violent. 
After  the  meteor  disappeared  the  weather  became  cool,  and  the  barometer  fell  \ 
an  inch  and  a  quarter." 

Humboldt  states  that,  in  the  Steppes  of  South  America,  the  plain  or  table  \ 
land  presents  an  extraordinary  spectacle,  which  he  describes  as  follows  :- 

"  The  sand  rises  in  the  middle  of  a  rarefied  whirlwind,  probably  charged  ? 
with  electricity,  like  a  vapor,  or  a  cloud  in  the  form  of  a  funnel,  the  point  of  J 
which  slides  upon  the  ground,  and  resembling  the  blustering  water-spout  so  j 
much  feared  by  the  experienced  navigator.  On  the  roads  in  Europe,  we  see  ! 
something  which  approaches  the  singular  appearance  of  these  whirlwinds  of  \ 
sand  J  but  they  are  especially  observed  in  the  sandy  deserts  situate  in  Peru,  1 
tween  Coquimbo  and  Amniape.     Ii  is  worthy  of  remark,  that  these  partial  c 

•  Equal  to  100  degieea  Fahr.  t  Eqnol  10  10-t  degrees  Patr. 
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rents  of  air  which  encounter  each  other  are  only  perceived  when  the  at 
sphere  is  entirely  calm — the  ocean  of  air,  therefore,  like  the  ocean  of  wi 
encountering  each  other  only  in  a  dead  calm."' 

The  Courier  of  the  19th  of  September,  1836,  published  the  following  na 
live  of  a  meteor  which  ravaged  the  arrondissement  of  Carcassonne  on  the  2Gth  ? 
of  August  preceding  : —  | 

"  The  wind  was  from  the  south,  and  the  heat  of  the  morning  was  suffoca-  > 
ting.  About  noon,  the  clouds  accumulated  in  the  west,  and  a  violent  wind  arose.  \ 
A  Click  black  cloud  appeared,  suspended  over  a  piece  of  land  near  tl^  chateau  i 
of  La  Counette.  In  the  direction  of  Fombraise,  the  clouds  were  ffen  to  en-  \ 
counter  each  other,  and,  after  the  collision,  to  descend  very  low,  as  if  they  were  I 
attracted  by  the  earth.  The  thunder  grumbled  on  every  side  with  a  dull  rolling  J 
noise ;  domestic  animals  lied  to  their  sheds.  '  Suddenly  a  frightful  explosion  ( 
J  (  <ju  men  )  was  heard  in  the  west ;  the  air,  violently  agitated,  was  drawn  with  i 
e  n  locity  toward  the  black  cloud  above  mentioned :  the  moment  they  ( 
n  d  was  signalized  by  a  loud  detonation,  and  the  appearance  of  ai 

n    u     olnmn  of  fire,  which,  sweeping  over  the  field,  tore  up  everything  ii 
w  y      A  young  man  of  17  was  carried  away  by  this  whirlwind,  raised  ii 
1     a     and  dashed  against  a  rock,  by  which  his  head  was  split;  14  sheep  \ 
w  d  away,  and  fell  senseless. 

"  This  column  of  air  and  lire  overturned  walls,  displaced  enormous  rocks,  t 
up  by  the  roots  the  largest  trees,  broke  into  the  chateau  by  two  openings,  I 
up  and  overturned  the  stones  of  the  porle  caehire,  broke  the  gale,  twisted  all  ! 
the  iron  work,  broke  through  a  window,  entered  the  saloon  on  the  first  floor,  j 
broke  through  its  ceiling,  entered  the  second  floor,  passed  to  the  roof,  and,  i 
fine,  reduced  to  ruin  these  three  stories.     The  ladies,  who  were  in  the  saloon  f 
on  the  first  floor,  saw  a  globe  of  fire  enter  it,  and  owed  their  safety  only  to  a 
enormous  beam  which  formed  an  arch  to  support  the  wood-work.     A  vortex  t 
air,  entering  by  the  window  above  the  kitchen,  broke  through  a  partition,  raised  i 
the  floor,  broke  the  furniture,  overturned  the  beds,  opened  the  closets  without  ) 
disturbing  their  contents,  penetrated  a  thick  wall  and  projected  its  ruins 
great  distance,  broke  the  timVer-work  of  the  chateau,  tore  up  by  the  roots 
enormous  oak  five  feet  in  circumference,  crushed  two  small  houses,  carried  \ 
away  wagons,  which  it  precipitated  into  a  ravine,  uprooted  several  enormou 
walmat-trees,  ravaged  the  vines,  leaving  in  the  earth  deep  trenches,  and  im 
pregnaling  the  air  with  a  strong  odor  of  sulphur.     This  meteor  disappeared  ii 
the  direction  of  Forcenas,  and  was  succeeded  by  very  heavy  rain.     The  heaven 
then  became  serene,  and  a  wind  arose  from  the  east." 

In  1833,  this  meteor  made  great  ravages  in  the  neighborhood  of  Dreux  and  I 
Mantes  in  France. 

"  In  the  village  of  Marchefroid,  fifty-three  houses  were  destroyed  in  the  space 
of  one  minute,  yet  the  storm  was  scarcely  heard,  and  the  appearance  of  the  i 
water-spout  was  only  preceded  by  a  little  hail.     A  child  three  years  old,  who  J 
stood  beside  its  mother  in  a  court-yard,  was  killed  upon  the  spot.     On  exam- 
ining its  body,  no  wounds  were  found  upon  it  except  a  hole  of  a  certain  depth  \ 
in  the  neck.     Entire  roofs  were  carried  away  either  in  the  direction  in  which  ( 
the  meteor  moved,  or  in  the  contrary  direction.     The  four  walls  of  a  garder 
were  thrown  down  in  a  regular  manner,  all  falling  ou  the  outside  of  the  garden : 
their  fail  was  marked  by  great  regularity.     After  the  meteor  passed  away,  the  J 
temperature  did  not  seem  changed,  and  the  sun  immediately  reappeared." 

On  the  6th  of  July,  1832,  a  land-spout  was  formed  in  the  plain  of  Oasonval, 
near  the  village  of  that  name,  in  the  department  of  the  Pas  de  Calais. 
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ind  Lambre  ;  in  the  former  J 
!  uninjured :  the  mel 


Clouds  coming  from  different  directions  and  collecting  over  the  plain,  ulli- 
J  m'ately  formed  tt  single  cloud  which  covered  the  heavens  ;  immediately  after- 
)  ward  a  cone  descended  from  this  cloud,  presenting  its  vertex  downward,  and 
J  having  its  base  in  the  cloud.  This  meteor,  driven  by  the  wind,  beat  down  a 
\  bam,  tore  and  carried  away  the  tops  of  the  largest  trees,  overturned  twenty- 

to  thirty  of  them,  and  strewed  them  in  different  directions,  proving  that  J 
)  the  meteor  had  a  revolving  inotion.  It  carried  away  and  crushed  other  trees  ( 
J  from  sixty  to  seventy  feet  high.     Globes  of  fire  and  sulphureous  vapor  v 

1  frcuH  lime  to  lime  to  issue  from  its  centre.     This  meteor,  in  its  rapid  ) 

rse,  Wis  attended  with  a  sound  like  that  of  a  heavy  carriage  roilin 
)  paved  road. 

J       It  then  penetrated  into  the  valley  of  Wetter7iesler3,\ 
\  of  these  villages,  only  eight  habitations  ftf  forty  i 

{  left  everywhere  traces  of  its  passage.  .  > 

)  On  the  18lh  of  June,  1839,  the  neighborhood  of  Chatenay,in  the  department  ( 
j  of  Seine  et  Oise,  was  visited  by  a  meteor,  which  happened  to  be  witnessed  by  i 
j  MM.  Peltier,  Bouchard,  and  Becquerel.  The  following  narrative  of  it  is  abridg-  ( 
J  ed  from  the  account  given  of  it  by  M.  Peltier  : —  J 

In  the  morning,  a  storm  was  formed  to  the  south  of  Chatenay,  and  about  ten  ( 
j  o'clock  it  took  the  direction  of  the  valley  between  the  hills  of  Eeouen  and  Cka-  \ 
\  lenay.  The  clouds,  which  were  high,  after  extending  above  the  extremity  of  J 
S  the  village,  came  to  a  stand,  the  thunder  muttered,  and  the  first  cloud  followed  ) 
)  the  ordinary  route,  when,  toward  noon,  a  second  storm  coming  also  from  the  ? 
)  south,  advanced  toward  the  same  plain  and  the  same  hills.  Arriving  near  the  > 
)  extremity  of  the  plain  over  Fonletiay,  in  presence  of  the  first  storm  which,  by  J 
'  s  elevation,  it  overtopped,  a  pause  took  place,  doubtless  while  the  two  storms  ( 
)  were  presenting  themselves  to  each  other  by  means  of  their  clouds  charged  with  ( 
}  the  same  electricity,  and  repelling  each  other.  f 

To  this  time,  thunder  which  was  heard  proceeded  from  the  secotid  cloud,  ■ 
when  suddenly  one  of  the  inferior  clouds  descending,  fell  into  communication  \ 
5  with  the  earth,  and  the  thunder  seemed  to  cease.     A  prodigious  attraction  was  ' 
S  manifested  ;  all  light  bodies  and  all  the  dust  which  covered  the  surface  of  th^  \ 
)  ground,  was  raised  toward  the  point  of  the  cloud  :  a  continual  rolling  noise 
seded  ;  little  clouds  were  fluttering  and  whirling  round  the  inverted  cone 
I  rising  and  falling  rapidly.     Trees,  placed  to  the  southeast  of  the  meteor, 
J  struck  on  their  northwest  side  which  faced  it,  the  other  side  remaining  i 
(  usual   state.     The  sides  which  were  struck  exhibited  strong  marks  of  the  S 
S  meteor,  while  the  other  parts  preserved  their  sap  and  their  vegetable  life.    The  ) 
}  meteor  descended  the  valley  to  the  extremity  of  Fontcnay,  toward  a  row  of  s 
J  trees  planted  along  the  bed  of  a  Stream  which  was  then  without  water,  though  ? 
)  still  humid.     After  having  broken  and  uprooted  these,  it  traversed  the  valley,  S 
J  and  advanced  toward  other  plantations  which  it  also  destroyed.     There,  having  ) 
J  arrived  at  the  point  vertically  under  the  limits  of  the  first  cloud,  it  paused,  and  J 
J  ihe  latter,  which  was  hitherto  stationary,  began  lo  be  agitated  and  to  retreat  \ 
)  toward  the  valley  west  of  Chatenay,  and,  overthrowing  all  that  it  encountered  in  S 
'  s  way,  it  passed  to  the  park  of  the  chateau  of  Chalenay,  which  it  completely  ( 
esolated.     The  walls  were  overturned,  and  the  roofs  and  chimneys  of  the  f 
5  buildings  carried  away.     Trees  were  transported  several  hundred  yards  : 

'S,  rafters,  tiles  were  thrown  to  a  distance  of  upward  of  500  yards. 

'he  m'eleor  having  ravaged  that  place,  descended  a  mountain  toward  the  ( 
i  north,  and  paused  over  a  fish  pond,  where  it  overthrew  and  parched  the  trees 
J  killed  all  the  fish,  and  proceeded  slowly  along  an  alley  of  willows.     Herei 
}  lost  a  great  portion  of  its  extent  and  violence.     It  then  proceeded  still  more 
S  slowly  over  a  neighboring  plain,  and  after  advancing  three  quarters  of  a  mile,  it  c 
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?  divided  itself  into  two  portions  near  a  clump  of  trees,  one  part  rising  into  the  J 
j  clouds,  while  the  other  part  sunk  into  the  ground  and  disappeared. 

All  the  trees  struck  by  this  ipeteqr  had  their  sap  completely  evaporated, 
he  JigneoHS  part  being  as  much  dried  as  if  it  had  been  exposed  in  a  stove 
I  at  the  temperature  of  300*=.  The  immense  qSantity  of  vapor  suddenly  form^ 
i  ed  by  the  sap,  having  no  meSna  of  escape  from  the  interstices  of  the  wood, 
j' split  the  tree  in  the  longitudinal  direction.  All  the  trees  presented  marks  o' 
5  this  effect. 

By  observing  the  progress  o^his  phenomenon,  the  transformation  of  a  com 
aoQ  slorm  into  a  land-spout  will  be  apparent.     Two  stormy  clouds  move 
(  toward  the  same  vertical  line  in  which  they  settled  at  different  altitudes.   Bein^ 
xiih  the  same  electricity,  the  lower  cloud  descends  toward  the  ground, 
_   t  in  electrical  communication  with  the  ground  by  whirlwinds  of  dust  J 
(  and  by  trees.     This  communication  once  established,  the  noise  of  the  thunder  ( 
>  immediately  ceases,  the  discharge  taking  place  by  the   continuous  conductor  J 
(  formed  by  the  clouds  which  have  descended  and  the  trees  upon  the  plai 
)  These  last,  traversed  by  the  electricity,  have  their  sap  dried  up  and  their  trunks  J 

lit ;  finally,  flashes  of  light,  balls  of  fire,  and  sparks  appear,  and  a  sufphun 

s  odor  remains  in  the  houses  for  several  days,  the  curtains  of  which  a 
J  everywhere  scorched. 

*  "  s  voyage  to  the  Pacific  Captain  Beechey  witnessed  water-spouts  off  S 
J  Clermont  Tonnerre,  lat.  19°  south,  long.  137°  west,  of  which  he  has  given  < 
)  the  drawings,  from  which  figs.  1  and  2  have  been  taken. 


Colonel  Reid,  in  his  work  on  storms,  has  given  the  following  extract  from  a 
letter  addressed  to  him  by  Captain  Beechey,  containing  a  circumstantial  ac- 
count of  water-spouls,  witnessed  by  him  in  the  same  voyage  :  "  The  day  had  i 
been  very  sultry,  and  in  the  afternoon  a  long  arch  of  heavy  cumuli  and  nimbi  ? 
rose  slowly  above  the  southern  horizon  ;  while  watching  its  movements  a  wa- 
ter-spout began  to  form,  at  a  spot  on  the  under  side  of  the  arch,  thatwas  dark- 
er than  the  rest  of  the  line,     A  thin  cone  (fig.  3),  first  appeared,  which  gradu- 
ally became  elongated,  and  was  shortly  joined  by  sever^  others  which  went 
on  increasing  in  length  and  bulk  until  the  columns  had  (inched  about  halfway  i 
down  to  the  horizon.     The  sea  beneath  had  hitherto  been  undisturbed ;  ' 
when  the  columns  united  it  became  perceptibly  agitated,  and  almost  i 
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they  escape.  Trees,  plants,  and  vegetables,  conducting  the  electric  fluid  im- 
perfectly hy  means  of  their  sap,  are  dried  up  by  this  temperature  ;  and  wher  i 
]  the  elevation  lakes  place  suddenly,  the  vapor  into  which  the  sap  ii  cgnvertet  | 
■  splits  the  wood.  i 
Such  is  a  general  outline  of  the  theory  of  M.  Pellier,  by  which  ihe  phenom  ' 
ma  attending  water-spouta  and  whirlwinds  are  explained. 
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